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CENPD-EN-G (CENPS-EG-G/26Apr88) (1130-2-320b) 3rd End Mr. Sager/503-221-3867
SUBJECT: Chief Joseph Dam, Additional Units and Structural Modification
Foundation Report, April 1988

DA, North Pacific Division, US Ammy Corps of Engineers, P.O. Box 2870,
Portland, OR 97208-2870 22 September 1988

TO: Commander, Seattle District (CENPS-EG-G)
The subject report is approved based on the response contained in your 2nd

End.
Chief,

FOR THE COMMANDER:

Engineering Division




DEPARTMENT OF THE ARMY
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SUBJECT: Chief Joseph Dam, Additional Units and Structural Modification
Foundation Report, April 1988

Enclosed you will find 3 copies of the above report for your review and
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CENPDEN-G (CENPSEG-G/26Apr88)(1130-2-320b) 1st End Mr, Sager 503-221-3867
SUBJECT: Chief Joseph Dam, Additional Units and Structural Modification
Foundation Report, April 1988.

DA, North Pacific Division, Corps of Engineers, P.0. Box 2870;
Portland, OR 97208-2870 6 June 1988

TO: Commander, Seattle District (CENPSEG-G)

1. The subject report has been reviewed and is returned for revision as
indicated in the enclosed comments.

2. We anticipate that incorporating the enclosed comments will require a
republication of the report, or at a minimum, an additional chapter dealing
with the major foundation modification work identified in the Construction
Branch comments.

FOR THE COMMANDER:

1 Encl v ROBERT'P. FLANAGAN, P.E.
: Chief, Engineering Division
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1. Reference your 23 May request for review comments on 26 April subject
report.

2. We believe the report should document some of the difficulties
experienced and lessons learned on the project which also had major cost
growths in its contracts. From its 1971 baseline to substantial completion
in 1980, design changes added almost 40% to the project cost (Encl 1),
including impacts (e.g., Case 61) disruptions, accelerations, overtime,
weather, etc.

3. Cursory review of some old (1975-79) field trip reports (Encls 2-9)
would indicate the need to elaborate in more detail, at least on the
following areas, to avoid recurrence and to enhance quality of similar work
in the future,

a. Cofferdam dewatering delays and difficulties in 1975 started our
buying-back-time problems and cost increases to maintain promised power-
on-line dates. Obviously, it is not in the best interests of the Corps to
have a cofferdam built under a separate contract {(which also had
modifications due to claims), thus ending up with government-furnished
dewatering problems passed on to the follow-up work contractor.

b. Rock excavation involving the $1.5-2,0M "dragon-teeth" VE savings
ended up adding about $3.5M to the cost of the service bridge, etc. All
foundation reinforcing steel and concrete formwork had to be custom-made to
fit the overbreaks (25%+) etc.

c. Quarry waste overruns (increased from the estimated 25% to about
50%) added to the right bank stabilization riprap work cost.

d. Grouting (combined with inadequate waterstops?) may have
contributed to the drain seepage/blockage prablems. The possible causes
have not been fully addressed, although a proposed fix is in the mill.

4, There probably were other "foundation" related items involving big
ticket claims, change orders, and modifications. Perhaps CENPS-CO and
CENPS contract files could provide additional information to enhance the
final report.
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SUBJECT: Chief Joseph Dam, Additional Units and Structural Modification
Foundation Report, April 1988

DE, Seattle District, Corps of Engineers, Post Office Box C-3755, Seattle, WA
93124~2255
SEP 16

FOR: DA, North Pacific Division, Corps of Engineers, Post Office Box 2870,
Portland, OR 97208-2870

1. Comments provided by J. Sager, CENPDEN-G, are incorporated in the
Foundation Report.

2. Although the comments identified by Construction Branch are valid and
should be documented, we feel that the Foundation Report is not the proper
vehicle. A Construction History Report is scheduled in the future, after the
completion of the general construction at the site. The issues raised by
CENPD-CO-C will be covered in this report.

3. Please contact Mr. David D. Gembala, (206) 764-3711, CENPS~EG-G, for any
information or comments concerning the Foundation Report. Any additional
comments should be received by 30 September 1988. At that time the Geology
Section will prepare the report for final priating.

FOR THE COMMANDER:

i ‘ -
_'R. P. (BELLEVOLD, P.E.
//%’ Chief, Engineering Division

CF:
CENPS-EG-G (Gembala)
CENPS-PE-CP (Ohlstrom)
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TABLE 1-1

PERTINENT DATA

General
Federal ID number WA 00299
Owner and operator U.S. Army Corps of Engineers, Scattle
District
County, State Douglas, Washington
Hazard potential Category 1 (High)
Location
Upstream from mouth of Columbia 545 miles
River
Upstream from Bridgeport, 1.5 miles
Washington
Downstream from Grand Coulee Dam 51.0 miles
Hydrology
Drainage area above dam 75,400 square miles
Flood peak, historical (1894) 740,000 c.f.s.
Flood peak, maximum recorded 638,000 c.f.s.
(1948) at Grand Coulee Dam
Mean annual streamflow at 113,200 c.f.s.
Bridgeport (1952-1981)
Mean annual regulated peak flow 190,000 c.f.s.
with treaty storage (based upon
1929-1958 routings)
Spillway design flood (SDF) 1,200,000 c.f.s.
Reservoir
Maximum pool elevation 958.8 feet*
*All elevations are based on National Geodetic Vertical Datum (NGVD)
Maximum regulated pool elevation 956 feet
Normal full pool (NFP) elevation 956 feet
Normal low pool elevation 950 feet
Minimum pool elevation 930 feet
Tailwater elevation at mean flow 782.3 feet
and Wells pool at elevation 779
Area, full pool 8,400 acres
Reservoir gross capacity (full pool) 593,000 acre-feet
Power pondage (for 5-foot drawdown) 38,000 acre-feet
Length of reservoir 51 miles
Shoreline of reservoir 106 miles

iv




TABLE 1-1 (cont.)

PERTINENT DATA

Dam

Length right embankment

Length right nonoverflow monoliths
Length spillway monoliths

Length center nonoverflow monoliths
Length intake monoliths

Length closures monoliths

Length left embankment

Length left buried core

Length of entire dam along axis¥®

250+ feet

196 feet

980 feet
1,088.37 feet
2,036 feet
524.75 feet
476+ feet
416+ feet
5,962+ feet

*The total length of the dam is not equal to the sum of its individual sec~-
tions because of the angle of intersection of the intake and closure

monoliths.
Maximum height of structure from
bedrock to top of dam
Elevation top of dam
Volume of concrete used in dam

Spiliway

Design discharge
Crest length

Gate number

Gate type

Gate width

Gate height

Gate radius

Crest elevation

Gate top elevation
Top of dam elevation
Spillway bridge elevation
Gate hoist

Gate seals
Frostproofing

Stilling Basin

Length

Width

Apron elevation

End sill

Top of training wall elevation
1948 flood tailwater elevation

230+ feet

970 feet
1,731,240 c.y.

1,200,000 c.f.s.

19 bays at 36 feet

19

Tainter

36 feet

58.2 feet

55 feet

901.5 feet

958 feet

970 feet

970 feet

Individual drums with remote control in
the powerhouse for all gates

Musical note rubber side seal
Odd-numbered gates, seals, and seal, by
oil heat system

211 feet

915 feet

743 feet

11 feet high, 2 steps
810 feet

805.5 feet
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Dam Intake Section

Type of structure

Intake invert elevation

Top elevation of structure

Length

Main Units:
Number of penstocks
Penstock diameter
Penstock length
Penstock shell thickness
Number of gates

Gate size

Full gate velocity
Station Service Units:’

Number of penstocks

Penstock diameter

Number of gates

Gate size

Powerhaouse

Length

Number of units
Height from bedrock
Thickness of walls

Inside width of generator room

Main Units

Type
Turbine Rating

Manufacturer, turbines

Generator rated
capacity per unit
Manufacturer, generators

Trangformer number

TABLE 1-1 (cont.)

PERTINENT DATA

Concrete gravity
879 feet

970 feet

2,036 feet

27

25 feet

258 feet

5/8 inch to 1-1/4 inches

27 (plus 1 spare gate and 2 maintenanc:
bulkheads)

22 feet by 34 feet

14.5 f.p.s.

2

6 feet

2 (plus 1 maintenance bulkhead)
8 feet by R feet

2,039 feet
27

136 feet

5 feet

h8 feet

Francis

117,700 hp @ 165 feet rated head (units
1-4, 15, and 16) .

115,100 hp @ 165 feet rated head (units
5-14)

136,000 hp @ 163 feet rated head (units
17-27)

Newport News Ship Building and Drydock
Company (units 5~14), S. Morgan Smith
Company (units 1-4, 15, and 16), and
Hitachi American, Ltd. (units 17-27)

64 ,000kW (units 1-16) and

95,000kW (units 17~27)

Westinghouse (units 1-16) and General
Electric (units 17-27)

21 plus 2 spare

vi




Station Service Units

Number and type
Turbine rating
Generator rating

Manufacturer, turbines
Manufacturer, generators

TABLE 1-1 (comnt.)

PERTINENT DATA

2 Francis vertical shaft

3,500 hp @ 165 feetr net head

3,000kvA @ 0,8 p.f., 60-cycle, 3-phase
4,160 volts

Pelton Waterwheel Company

Elliott Company




SECTION 1. INTRODUCTION

1.01 Location and Description of Project. Chief Joseph Dam is located on the
Columbia River in north central Washington, 545 river miles (R.M.) above its
mouth and 51 R.M. below Grand Coulee Dam (figure 1-1). The river, originally
800 feet wide at the damsite, was confined between steep walls. The dam con-
sists of, from right to left (looking downstream), a 250-foot long right
embankment, 4,820.5 feet of concrete gravity sections, a 476-foot long left
embankment, and 416 feet of impervious cutoff core (figure 1-2). The concrete
gravity section consists of a nonoverflow section (monoliths 1-4), a spillway
section (monoliths 5-24), a nonoverflow section (monoliths 25 through 44, plus
A and B), an intake section (monoliths 1 through 27, plus S-1 and $-2), and a
closure section (monoliths C-1 through C-11). The right abutment of the dam
is a terrace rising more than 250 feet above the riverbed. The lower 100 feet
of this terrace is openwork gravel with sand, while the upper 150 feet is
hard, glacial till. The left abutment is granitic bedrock which rises sharply
about 100 feet above the bed of the river and then continues upward in a
moderate and broken slope. The foundation is an irregular bedrock surface
composed of a suite of rock types collectively termed "granite".

The powerhouse additional units and structural modification work was proposed
in House Document 693, 79th Congress, Second Session, and authorized under the
1946 River and Harbor Act, as amended by the 1948 River and Harbor Act.

1.02 Purpose of Report. This report is prepared in accordance with
ER-1110~1-1801, dated 15 December 1981, as amended by changes 1 and 2, dated
30 June 1982 and 1 April 1983, which requires as-built foundation reports for
major construction projects. The purpose of this report is to ensure the pre-
servation for future use of complete records of foundation conditions encoun-
tered during construction and methods used to adapt structures to these condi-
tions. This report documents the final foundation conditions and treatment
for the powerhouse additional units 21-27; post construction instrumentation,
drain hole drilling and rock contour maps for the spillway, nonoverflow,
intake and closure monoliths; and for the left and right abutment exploration
and instrumentation programs.

1.03 Construction History. Initial construction started in 1949, and the
reservoir was first raised to normal operating pool, elevation 946 feet, in
July 1955. The first generating unit was placed on line in 1955 and the last
of the initial 16 units in 1958. 1In order to produce additional power, con-
struction of structural modifications to raise the pool elevation 10 feet and
install 11 additional units was started in 1974 and was completed in 1980.
The pool raise to elevation 956 feet occurred in February 1981. The struc-
tural modification consisted of raising the dam 10 feet (including the spill-
way monoliths, nonoverflow sections, and intake structure); removal and
rebuilding of the spillway piers; new gate installation; and adding additional
concrete mass to insure stability of the gravity structures with the higher
reservoir. To accommodate the 11 additional units, the powerhouse was
extended to a length of 2,039 feet and penstocks were added to the 11 spaces
provided during the initial construction in the 1950's. Powerhouse skeleton
bays 17 through 20 were provided during the initial construction.
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The powerhouse additional units and structural modifications were constructed
by four major contracts. The initial contract, DACW67-75-C-0009, was awarded
to the William Gregory Company in August 1974. Items of work included
installation of 2-inch diameter rock bolts and 3-inch diameter companion drain
holes in the area below the intake structure. The second contract,
DACW67-75-C-0042, was awarded to Goodfellow Brothers, Inc. in November 1974,
This contract pro-vided the initial excavation and comstruction of the
powerhouse cofferdam. The third contract, DACW67-75-C-0077, was awarded to a
joint venture, S.J. Groves and Sons Co. and Granite Construction in March 1975
and included completion of the foundation excavation, dewatering systems, rock
bolts and drain holes and the structural portion of the powerhouse. The
fourth contract, DACW67-76-C-0043, was awarded to Peter Kiewit and Sons and
Standard Construction in March 1976 for structural modification to increase
height of the dam.

1.046 Acknowledgements. This report was originally drafted by Edward T.
Bailey, Project Geologist, Chief Joseph Dam and substantially modified by
Richard D. Eckerlin, Staff Geologist, Seattle District under the supervision
of David Gembala, District Geologist, and general supervision of Charles
Perry, Chief, Geotechnical Branch, Seattle District. During project construc-
tion, Robert Rudman was Resident Engineer and Richard Means was Project
Engineer.

The authors wish to acknowledge Kenneth D. Graybeal, Chief, Soils Section, and
Richard W. Galster, former Chief, Geology Section, for their careful review of
this document and their numerous valuable suggestions.

1.05 Construction Photographs. Refer to Appendix B for selected construction
photographs.
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SECTION 2. INVESTIGATIONS

2.01 Investigations Prior to Construction. Between 1967 and 1974 several
sabsurface exploration programs were completed for investigation of the power-
house foundation, the aggregate borrow source, and the right bank blanket
addition. Subsurface powerhouse investigations began in 1967 with 24 borings
drilled into the foundation. Overburden was drilled and drive samples were
taken employing cable tool methods, while the granitic bedrock was core
drilled using a Sprague and Henwood drill. The additional powerhouse units 21
to 27 required excavation in the dry for the substructure, training wall and
rock excavation in the tailrace. 1In 1973 and 1974, 13 additional borings and
2 test wells were drilled to provide data for design of the cofferdam,
dewatering system, and excavation slope stability. The 13 borings were
drilled and sampled in overburden using a rotary drill and the foundation rock
was cored by diamond drill. The two test wells were drilled and sampled with
a cable tool drill. Borings logs are in appendix C.

In 1972, five piezometer borings were drilled on the right bank for extension
of the right bank impervious blanket. The borings were drilled into gramitic
bedrock using a combination of air rotary and cable tool methods.

In 1973, three borings were drilled in the Government borrow area located

2 miles downstream from the dam (plate 3). Borings were drilled using a
Williams bucket auger. Samples were mechanically separated by shaker and
weighed at the site. In addition to the auger borings, five backhoe trenches
were excavated to confirm the extent of the gravelly material.

Stability analyses and monolith stress studies completed in the design phase
provided for prestressing in the spillway and intake monoliths. Need for pre-
stressing was later reevaluated and eliminated. In 1975, six prototype core
drill borings for tendon installation were completed in spillway monoliths 7
and 8, intake monolith 21 and closure monmolith 2. Experimental drilling of
the prototype holes was varied to provide comparative information to bidders.
Boring logs and boring summaries for the structural modifications contract are
provided in appendix C.

2.02 Investigations During Construction. Powerhouse contract
DACW67~75-C-0077 provided for additional piezometer installations in the
powerhouse excavation. In 1975, 15 observation holes consisting of seven
6-inch diameter observation wells and eight well points were installed for the
dewatering system. Also in 1975, five wells were added to the cofferdam
interceptor seepage control drain system. In late 1975, 18 vertical holes
were drilled with a rotary drill from the cofferdam roadbed, through the
cofferdam and into bedrock to identify leakage zonmes. Six of the 18 borings
were used for grout injection to seal the leaky zones. In 1977, three
additional borings were drilled through cell 5 to check material condition.




Approximately 130 borings were drilled from temporary sluiceways within the
dam into the bedrock foundation to determine bedrock elevation for the struc-
tural stability analysis (see table 2-1). Rock surface exploration was trans-
lated into the bedrock contours shown on plates l4 and 16.

Uplift pressure cells were installed in selected sluiceway borings. These
were installed to determine uplift pressures for the initial structural sta-
bility analysis.

The turnaround bridge near the left end of the spillway section was modified
requiring additiomal exploration. In October 1975, four borings were
completed using a rotary drill. Standard penetration tests were taken in
overburden to provide data for design of the allowable bearing capacity for
the bridge footings.

2.03 Post Construction Investigations. Erratic water levels were observed in
numerous uplift pressure holes in the intake structure. These holes were
backfilled with grout, and new uplift holes were drilled adjacent to the old
ones. Uplift pressure borings and foundation drains were also drilled in all
spillway monoliths, intake monoliths, closure monoliths, and all the nonover-
flow monoliths,

In February 1982, ground subsidence was observed near the left abutment earth-
fill embankment section just downstream from the buried impervious cutoff
wall. Several backhoe trenches were excavated in the fill and adjacent ground
next to the Pearl Hill Road to determine location and configuration of the
impervious core wall. Sixteen borings were drilled and sampled using both
rotary and diamond drill methods, and two test wells were drilled using a
cable drill. Boring logs are in appendix C. The report on the left abutment
settlement is included in the Chief Joseph Dam, Periodic Report No. 7, October
1984, 1In April 1987, four borings were drilled in the left embankment, and in
June 1987, two borings were drilled adjacent to closure monolith 1 (refer to
plate 18 in appendix A). Piezometers were installed in the six borings for
monitoring possible reservoir leakage.
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TABLE 2-1
SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Hole Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical
7 IN-A 769.0 28.0 25.8 741.0 0

IN-B 769.1 26.7 24.0 745.1 0
IN-C 769.1 30.1 28.0 741.1 0
7N-D 769.1 41.0 39.2 736.3 370
IN-E 769.1 42.7 40.2 738.1 44°
IN-F 769.1 59.2 55.0 733.4 55°

7 75-B 769.0 30.5 25.9 743.1 0
78-D 769.1 29.6 25.5 743.6 0
78~E 769.1 43.9 43.6 732.7 37°
78-F 769.1 58.7 56.3 730.6 52°
78-G 769.1 67.3 65.5 729.8 59°
78-H 769.1 78.0 75.9 729.4 65°
78-1 769.1 102.8 93.0 708.7 559
78-J 769.0 92.0 87.9 697.9 4Q°
78-K 769.1 52.8 47.2 735.7 50°
7S-L 769.1 90.4 85.6 724.4 65°
7S-M 769.1 43.9 37.7 736.1 32°
7S-N 769.0 35.3 29.0 740.0 0
78-0 769.1 42.1 36.1 737.5 32°
9 9N-B 769.0 36.0 364.7 734.3 0
9N-D 768.9 35.6 34.9 734.0 0
9N-E 769.0 30.2 28.8 740.2 0
gN-F 768.9 44.9 43.1 732.9 37°
95-A 769.0 43.0 42.3 726.7 0
9s-B 769.0 39.5 38.3 730.7 0
95~-C 769.0 36.7 34.3 734.7 0
9s-D 769.2 41.6 41.4 727.8 0
9S8-E 769.0 52.0 49.5 728.1 38°
9S-F 769.0 46,7 43.9 731.9 36°
98-G 769.0 52.6 49.7 727.5 37°
9S-H 769.0 51.0 50.0 727.6 38°
9s-1 768.9 39.0 36.3 742.1 47°
98-J 769.0 32,8 30.8 745.6 45°
11 11N-A 769.0 23,9 21.6 747 .4 0
11N-B 769.0 27,0 24,0 745.0 0
11N~C 769.0 29.0 25.7 742.3 0
11N-D 769.0 30.2 27.0 746.4 37°
11IN-E 769.0 35.3 32.0 743.4 41°
1IN-F 769.0 38.0 34.2 7464 ,1 48°
LIN-G 769.0 53.9 49,4 741.2 62°
7




TABLE 2-1 (cont.)

SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Hole Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in_ Feet in Feet Top of Rock Vertical

11N-H 769.0 51.8 47.8 735.7 510
11N~-1 769.0 30.0 24,2 744, 8 0
LIN-J 769.0 32.8 27.5 745.1 339
11N~K 769.5 40.9 35.5 742.5 45°
11N-L 769.5 43,2 35.6 743.2 47°
118~¢ 769.0 30.6 28.0 745.6 37°
11s~H 769.0 25.3 23.5 745.5 0
118~1 769.0 23.2 20.7 748.3 0
118-J 769.0 41.5 35.9 741.7 45°
11S-K 769.0 41.4 38.6 739.6 45°
11S-L 769.0 40.7 37.7 744.5 55°

13 13N~-A 769.0 31.1 23.6 745.4 0
13N-B 769.0 25.5 22.5 746.5 0
13N~-C 769.0 25.1 22.4 746.6 0
13N-D 769.0 35.7 33.7 740.6 36°
13N~E 769.0 62.6 33.4 745.4 50¢
13N-F 769.0 58.3 31.2 748.7 559
138-G 769.0 66.9 39.0 751.3 70°
13N-H 769.0 42.0 36.1 741.9 46°
13N-1 769.0 35.9 32.8 745.8 50°
13N~J 769.0 77.3 72.0 718.1 509
13N-K 769.0 73.8 38.0 44,3 559
13N~-L 769.0 21.0 19.2 749.8 0
135~B 769.0 25.€ 20.5 748.5 0
13s-D 769.0 29.8 24.8 744.2 0
138-E 769.0 37.0 30.9 743.4 38°
135-F 769.0 39.6 34.5 745.0 51°
135-G 769.0 62.7 56.4 734.4 58°
13S-H 769.0 30.7 22.8 746.2 0
135-1 769.0 34.9 29.6 745.3 41°
135-J 769.0 71.0 64.8 731.7 61°

16 16N-B 768.9 27.0 25.5 743.4 0
16N-D 769.0 25.9 22.0 747.0 0
16N-E 768.9 26.5 24.6 7464.3 0
16N-F 769.0 36.4 32.0 742.5 38°
16N-G 769.0 31.6 28.2 ’ 745.7 38°
16N-H 769.3 49,5 43.8 736.0 45°
16N-1 769,0 72.6 67.3 729.4 60°
16N-J 769.0 75.5 47.0 731.0 40°
16N-K 769.6 53.1 48.7 741.0 609
16N-L 769.0 65.9 60.0 730.0 55¢
168-A 769.0 29.8 27.3 741.7 0
165-B 769.0 17.6 15.5 753.5 )
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TABLE 2-1 (cont.)

SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Hole Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical

16S-C 769.0 16.9 14.6 754.4 0
168-D 769.0 24.6 23.2 745.8 0
16S-E 768.9 28.3 26.2 746.8 360

17 17N-B 769.0 20.3 15.1 753.9 0
17N-D 769.0 23.9 18.4 750.6 0
17N-E 769.0 42.5 36.4 738.9 38°
L7N~F 769.0 26.6 20.8 748.2 0
178-4 769.0 21.1 16.1 752.9 0
17s-8 769.0 20.6 15.2 753.8 0
17S-C 769.0 25.7 19.5 749.5 0
17s-D 769.0 44,5 40.6 735.4 389
178-E 769.0 26.8 21.7 747.3 0

18 18N-B 769.0 22.1 17.6 751.4 0
18N-D 769.0 28.7 23.6 745.4 0
18N-E 769.0 44.8 37.7 737.8 38°
18N-F 769.0 33.2 28.1 740.9 0
185-a 769.0 27.5 22.5 746.5 0
185-B 769.0 25.5 18.5 750.5 0
188-C 769.0 26.7 21.5 747.5 0
185-D 769.0 52.8 45.6 731.3 38°
18S-E 769.0 36.9 31.9 737.1 0
18s-F 769.0 56.0 50.0 731.0 45°
185-G 769.0 57.4 48.4 732.2 450

19 19N-D 769.0 32.3 29.5 739.5 0
19N-E 769.0 37.0 34.6 734.4 0
19N-A 769.0 34.5 32.0 743.1 400°
19N-F 769.0 24.7 19.6 749.4 0
19N-C 769.0 26.5 23.9 756.2 64°
19N-8 769.0 36.5 34.6 7344 0
198-F 768.9 46.3 41.8 728.1 149
198-G 768.9 30.3 29.4 740.1 13°
195-H 768.9 25.2 22.6 750.6 40°
195-1 768.9 47.0 41.6 735.2 40°
198-J 768.9 29.0 28.0 746.0 39°

20 20N-A 769.0 23.9 18.9 750.1 0
20N-B 769.0 31.6 26.6 742.4 0
20N-C 769.0 40.2 32.5 736.5 0
20N-D 769.0 26.4 21.6 749.3 27°
20N-E 769.0 24.0 19.0 750.0 )
20S-A 769.0 28.2 23.2 745.8 0
208-C 769.0 40.0 32.5 736.5 0
208-D 769.0 31.0 26.0 746.8 350
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TABLE 2-1 (cont.) }
SLUICEWAY DRILLING DATA «
(Confirmation Top of Rock) i
Monolith Hole Elevation Total Depth Depth to Rock  Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical
20S-E 769.0 27.5 22.5 746.5 0
21 21N-A 769.0 32.0 27.2 741.8 0
21N-B 769.0 34.7 31.3 737.7 0
21N-C 769.0 25.2 20.2 748.8 0 !
21N-D 769.0 4.4 28.1 147.4 44,0 4
21N-E 769.0 24.8 20.2 748.8 0
218-C 769.0 20.5 18.5 750.5 0
218-D 769.0 29.1 27.1 746.8 39° |
21S-E 769.0 23.0 18.0 751.0 0 i
22 22N-A 769.0 34.7 32.6 736.4 0 J
22N-C 769.0 18.2 15.0 754.0 0 1
22N-D 769.0 32.8 31.6 742 .1 350
22N-E 769.0 31.7 25.4 748.2 39° i
22N-F 769.0 32.6 30.2 744 .0 38Y
22N-G 769.0 22.7 19.6 749.4 0
22N-H 769.0 24.9 23.0 751.5 459
22N-1 769.0 36.8 35.6 743.4 499 1
22 22S-A 769.0 24.3 21.3 747.7 0
228-B 769.0 20.4 16.3 752.7 0 ‘
228-C 769.0 15.3 14.2 754.8 0 N
228-D 769.0 24.1 20.3 750.6 28°
23 23N-A 769.0 23.4 21.1 747.9 0 !
23N-B 769.0 21.2 18.8 750.2 0 ‘
23N-C 769.0 21.8 18.0 751.0 0
23N-D 769.0 27.4 24.3 747 .4 30°
238-A 769.0 23.0 19.0 750.0 0
238-C 769.0 20.0 18.0 751.0 0
23S-D 769.0 31.0 27.8 746.0 380
23S-E 769.0 29.9 24.9 750.1 450
238-F 769.0 42.7 37.5 T47 .4 61°
238-G 769.0 54.9 49,9 742.9 650
23S-H 769.1 56.8 51.8 742.0 65°
238-1 769.0 24.5 17.1 751.9 0

NOTE: Hole number indicates monolith and north (N) or south (S) sluiceway, followed by
hyphen and letter which represents hole designation within sluiceway.,
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SECTION 3. GEOLOGY

3.01 Geologic Setting. The project lies at the division between two major
geologic provinces: The Okanogan-Selkirk Highlands to the north and the
Columbia Plateau on the south. Figure 3-1 locates the dam with respect to the
provincial divisions. The Columbia River has cut a valley about 1,000 feet
deep below the plateau surface into hard crystalline rocks. The rocks in the
lower part of the valley and in the Okanogan Highlands are a complex of old
~etamorphic rocks intruded by granitic rocks of Mesozoic age. Miocene
Columbia Plateau basalts are exposed high on the southern side of the valley
and locally on the northern side. The valley has been modified by continental
glaciation. Variable thicknesses of glacial outwash sand and gravel,
lacustrine silts, and till overlie the irregular bedrock surface. The present
river has cut down through the glacial sediments into the granitic bedrock
leaving a terraced, inner valley within the larger old valley.

3.02 Site Geology. The Columbia River at Chief Joseph Dam flows westerly
through a steep~walled, terraced valley 12,000 feet wide and almost 1,000 feet
deep. At the dam, the river is 800 feet wide and flows along the base of the
southern valley wall.

On the south (left) bank of the river, the bedrock surface generally rises
well above the river channel. Glacial deposits fill old abandoned channels of
the Columbia River and many of the abandoned tributary canyoms. Glacial
deposits form a series of extensive terraces south of the river. These
deposits include one or more glacial till sheets, a variety of morainal mate-
rials, and large quantities of glacio-fluvial and glacio-lacustrine sediments.
Slope wash derived from all of the above units mantles most of the ground sur-
face. The glacial till is compacted, unstratified, silty, sandy gravel.
Morainal deposits are poorly-to-moderately compacted gravels with or without
admixed sand and silt., Glacio-fluvial deposits are stratified, dominantly
silty, sandy gravel, but also include sandy gravel, openwork gravel, boulder
beds and flood plain silts. Glacio-lacustrine deposits are stratified silt
and clay. The bedrock surface north of the river gradually rises above the
river channel. A glacial fill terrace extends from the river to the north
valley wall. The terrace varies in elevation from 1,030 feet adjacent to the
river to over 1,100 feet to the north. The terrace sequence consists of an
extensive deposit of torrentially bedded, largely openwork gravel and cobbles,
10 to 100 feet thick overlying the bedrock surface. This highly pervious unit
is overlain by varying thickness of "dump moraine'" and more than 100 feet of
glacial till.

Bedrock is an assemblage of hard, competent crystalline rocks that include
granodiorite, granodiorite gneiss, dark schistose granodiorite, hornblende
granodiorite, and lamprophyre. These various rock types exhibit different
characteristics of soundness as described in the paragraphs below:

a. Granodiorite is the predominant rock type. It is hard, medium to

coarse grained and light colored. Generally this rock type is very sound with
a high resistance to chemical weathering.
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b. Granodiorite gneiss is a hard, medium to coarse grained, light gray to
gray colored rock which exhibits a banded structure with mineral orientation
along parallel planes. This rock type is generally very sound with good
resistance to chemical weathering. However, with increasing biotite percent-
age this rock tends 60 exfoliate along planes.

c. Dark schistose granodiorite may be soft or hard depending on mafic
content and degree of weathering. This rock type is usually fine to medium
grained, dark colored and may be schistose or gneissic in structure. The con-
tents of biotite or hornblende are present in quantities up to 50 percent.

The rock is sound when fresh, but where high biotite content and schistose
structure prevail, this rock type has the least resistance to chemical
weathering and is, therefore, generally less sound than all the other rock
types.

d. Hornblende granodiorite is a granitic type rock containing randomly
oriented, medium to coarse grained crystals of hornblende. This rock is
medium to dark colored, hard and highly resistant to chemical weathering.

e. Lamprophyre is a very hard, fine grained, dark greenish colored rock
found in dikes. Having post dated most major periods of faulting, it is gen-
erally less fractured and less altered than surrounding rocks.

f. Lesser rock types such as pegmatite and aplite dikes are commonly
found throughout the area, but are relatively small discontinuous bodies.
Faults and joints are important rock structures which influence rock mass
behavior in excavations and slopes. Faults and fault zones are common
throughout the dam foundation and appurtenant structures (plate 7). They are
attributable to late stages of the grandiorite intrusions and concurrent
orogeny. These faults are inactive and, as so, oriented as to produce no
planes of weakness which might be overstressed by addition of large concrete
monoliths (U.S. Army Corps of Engineers, 1957). During excavation for the
additional powerhouse units, three faults were mapped in the foundations for
units 22, 25, and 27 as shown on plate 10. These faults are free of gouge,
but rock faces are coated with chlorite. No attempt was made to measure
magnitude of offset. Unit 22 fault strikes N60°-70°W, dips 65°-75°E, and
consists of a shattered rock zone 1 inch to 2 inches in width. Unit 25 fault
strikes N10°4, dips 35°W, and consists of a 4-inch wide shattered rock zone.
Unit 27 fault strikes N3°W to N8°E, dips 35°W, and consists of a shattered
zone 4 feet wide on each side of a brecciated zone 2 inches to 6 inches in
width. Zones of closely jointed rock associated with the faults may be as
much as 20 feet wide. Joint faces within the powerhouse excavation and the
adjacent rock slope below the intake structure were often slickensided, healed
with chlorite, and showed no strain or evidence of being open after the period
of chloritization. Joints are attributed to compression and shear coincident
and immediately following the period of granodiorite emplacement.

Bedrock weathering is not severe. The most common weathering action was the
presence of iron stain. All joint planes near the surface of rock exhibit
this characteristic to varying degrees, usually diminishing with depth and
disappearing within 20 feet below the surface.
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3.03 Powerhouse Foundation (Additional Units 21-27). Additional units 21-27
are founded on various crystalline rock types including schistose and gneissic
granodiorite, massive granodiorite and lamprophyre intrusions (plate 11). Two
minor faults, striking northerly with 35 degree westerly dips were encountered
in the excavation (plate 12). Conjugate joints occur in zones to 8 feet in
width. Two prominent joint sets were mapped in the foundation; one set
strikes N40-45°W and dips 60-65°NE and the second set strikes N75-80°W with a
dip of 75-80°N. Joints within the lamprophyre intrusives extend into the
adjacent granodiorite. Joint spacing ranges from 0.1l to 5 feet within the
granodiorite rocks and the transecting intrusives. Many joints are coated
with unweathered dark chlorite, some resembling a polished appearance. Where
the chlorite bond to joints was broken by blasting, the chlorite lubricated
surfaces offered little resistance to slippage. Precision rock blasting
techniques were employed in the jointed granitic rocks so that maximum
utilization of the bedrock could be obtained in the foundation. Precision
blasting techniques made possible the use of natural rock piers ('dragon
teeth") for the powerhouse. No increase in joint frequency or mechanical
breakage was observed in the foliated rock types; however, the foliated rocks
broke more platy than the massive granodiorite rocks.

3.04 Construction Materials. Concrete aggregate and common and granular
materials were excavated from a government source on the right bank, 2 miles
downstream from the project (see plates 1 and 3). This pit was used during
the original dam construction. The borrow area is a large gravel terrace
adjacent to the Columbia River and composed of clean sandy gravel. A cap of
eolian sandy silt, 2 to 4 feet thick, locally overlies the source area. All
aggregate processing was conducted on site, stockpiled and hauled to the
project. Material quantity surveys were not performed.

Rock for the project was mined in the rock quarry located 2 miles northeast of
the prcject, next to Bridgeport State Park. This source was used for the
original dam construction. The quarry was reopened, approximately 94,000 tons
of granmodiorite rock were removed, then the quarry was closed and reclaimed to
natural conditions. About 47,000 tons of rock were used for the downstream
right bank tailrace protection. Remaining rock has been stockpiled adjacent
to the quarry for future work., Granitic rock that was blasted and removed
from the powerhouse additional units excavation was placed in the Foster Creek
channel along the right bank several hundred feet upstream of the dam.

Impervious fill, blanket, and core material were borrowed from a glacial till
source located on the right bank 1,000 feet upstream from the dam. The till
material was placed in the upstream right bank impervious blanket extension
and in the left abutment impervious fill and core.
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SECTION 4. FOUNDATION EXCAVATION AND TREATMENT
(ADDITIONAL UNITS 21-27)

4.01 General Two major comstruction contracts were administered for founda-
tion excavation and treatment. A third contract provided for rock bolts and
drain holes on the rock slope below intake structure units 1-27.

4,02 1Initial Rock Bolting and Drain Hole Drilling. Design analyses indicated
that stresses would increase within the unconfined rock mass below the intake
structure. The increased stresses would be created by added weight of raising
the intake structure, thé higher pool, and powerhouse excavation blasting. 1In
addition, foundation uplift pressures would increase. The majority of the
drainage system within the intake structure is inaccessible and cannot be mon-
itored nor cleaned as shown on figures 4-1 and 4-2. To supplement the drain-
age system, a series of subhorizontal drains were drilled in the exposed rock
surface below intake monoliths 1-27 (plate 4). 1In 1986, polyvinylchloride
(PVC) pipes were installed. The PVC pipes extend beyond the rock surface to
prevent vegetation from plugging the outlets. A system of rock bolt
reinforcement was installed in addition to the drainage system below intake
monoliths 1-27 (plate 4). Rock bolts were designed to offset the change in
load resulting from pool raise and additional height of the dam. The
reinforcement system consists of Williams hollow core rock bolts (model number
US-16-HC-SCS-300, 2-inch nominal diameter, with standard Type A short cone and
shell and Type B long cone and shell). Three-inch diameter rock bolt holes
were drilled using an Ingersol-Rand ECM 450 air track drill. In areas where
air track access was impossible, holes were drilled using a quarry bar ECM
hammer and shortened mast. At drilling completion, all holes were gaged with
a "go-no-go" template to assure proper tolerances for bolt anchors. Subhori-
zontal companion drain holes were drilled adjacent to the rock bolt holes.
Negligible ground water was encountered during drain hole drilling. Drain
holes were gaged similar to the bolt holes. Both types of holes were flushed
with compressed air and water upon completion.

Rock bolts were installed and anchors torqued to manufacturer's specification.
Bolts varied from 40 to 75 feet in length with no more that 4 couplings per
installation. The bolts were tensioned with a hydraulic ram until a load of
110,000 pounds was reached. The load was maintained for 10 minutes and
relaxed. This tensioning procedure was repeated. Bolts that did not with-
stand the tensioning tests were removed and replaced. For the first 35 bolts
installed, five anchors failed loading tests. Contractor research at other
projects with similar type bedrock showed that holes drilled in granitic rock
tend to have a smooth bore. The Type A short malleable cone tends to produce
an insufficient bearing area. The Type B long cone and shell were used for
the remaining bolts and no further failures occurred. Rock bolts passing the
tests were locked off. Per contract specification, several bolt installations
were selected at random and tested to yield. These bolts were loaded to ulti=~
mate strength of 200,000 pounds and then restressed.
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Prior to grouting, all rock bolts were flushed with water and the water evacu~
ated with compressed air. Neat cement was pumped into rock bolts for bonding
and sealing against corrosion.

4.03 Powerhouse Cofferdam and Initial Excavation. The second construction
contract provided for the powerhouse cofferdam and initial excavation. Con-
tract features included:

a. common and rock excavation
b. cofferdam cutoff wall and cellular cofferdam construction
c¢. dewatering wells and piezometers.

The initial excavation contract required all common and rock to be excavated
to elevation 785 feet. The following contract for the powerhouse additional
units provided for rock removal between elevation 785 feet and finish grade.
Shortly after the initial excavation work began, a stop order was issued to
halt rock excavation. Members of the North Pacific Division Geotechnical
Branch and Technical Engineering Branch proposed a new design for supporting
the service deck bridge. It appeared that substantial savings could be
realized by leaving rock piers to support the service deck bridge in lieu of
concrete piers. The initial excavation contract was then modified so that
rock excavation would not go below elevation 799 feet. The contractor
installed rock bolts and companion drain holes in the excavated rock down to
elevation 799 feet. Materials excavation began at the toe of the rock slope
below the intake structure and progressed riverward. Excavated common
material was processed and used in construction of the cutoff wall and
cofferdam cells.

The additional powerhouse units 21 to 27 required excavation in the dry below
taiilwater for the substructure, training wall, and rock excavation. This was
achieved behind a combination cellular and embankment cofferdam between the
original powerhouse and the right bank of Foster Creek. Cofferdam construc-
tion began in spring 1975 with the cellular units and progressed from the land
section to the powerhouse. Foundation excavation was by dragline. Divers
were employed to inspect the foundation prior to seating the cell template.
Irregularities too large to be removed by dragline were blasted and then tte
templates seated. Sheet piles were threaded and seated and the cells
backfilled. Driving resistance was encountered during placement of the deep
arched sheet pile cutoff wall sections. Designed pile depth was not reached
in the dense sand and gravel underlying the cutoff wall while using either a
vibrating hammer or the Vulcan 65, steam, single acting hammer. A Delmag 12,
diesel, single acting hammer was more successful, however, even with this
hammer, full design depth was not reached. Stability anaiysis indicated that
the structure would be stable even at the shallower depths achieved. Coffer-
dam cells were approximately 60 feet in diameter with top of fill between
elevation 800 to 810 feet,

The powerhouse cofferdam and initial excavation contract provided for a dewa-

tering system (plate 5). A preconstruction pumping test in well 364 on the
west side of the excavation indicated that effective water control could be
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accomplished by pumping from a single row of wells. The pumping test in well
358 on the north side indicated that materials in this area had relatively low
permeability so dewatering could be accomplished by one to two rows of vacuum
well points. Since the pile cutoff wall in the embankment cofferdam section
did not extend to the rock surface as planned, an extensive dewatering system,
together with monitoring of phreatic levels within the cofferdam, was required
throughout the construction period. Powerhouse dewatering wells and observa-
tion piezometers data is summarized in table 4-1. Since the dewatering system
was temporary and all materials were to be removed, no well logs nor as-built
details of wells were maintained.

Powerhouse cofferdam construction was started in spring 1975 and completed in
fall 1975. 1In December 1975 during a high spillway discharge, which resulted
in a tailwater elevation of 786, & leak occurred through the northwest cormer
of the cofferdam at elevation 785. As soon as the tailwater elevation dropped
below elevation 785, the water flow reversed. Pre-1950 topography indicated
an old channel of Foster Creek about 50 feet east of the leak area. The old
channel was apparently filled during the original powerhouse constructiom, and
the cofferdam excavation appeared to intersect the old channel near elevation
770 in the vicinity of the lesk. In April 1976, a seepage interceptor system
to accommodate flows of 5,000 gallons per minute was constructed together with
rock blanketing and installation of piezometers. The dewatering system is
shown on plate 5. High river levels did nor occur again until August 1976, at
which time the river reached elevation 787. Construction personnel expressed
concern about: large flows from the drain system. A seepage test was performed
on 24 August¢ 1976. General conclusions from the test were as follows.

a. For river levels up to, and including, elevation 788, the existing
cofferdam seepage control system was adequate. The 788-foot river elevation
represented a flood of about 1 year frequency.

b. For river levels at or above elevation 790, the seepage control system
was inadequate. During the test, the collector drain system was approaching
its maximum hydraulic capacity, and piping erosion was occurring upstream from
the rockfill treated area. This caused early termination of the test. Total
sump inflow at river elevation 790 was about 11,500 gpm, of which about 6,500
gpm were coming from the collector drain system. The 790-foot river elevation
represented a flood of 3- to 5-year frequency. Drilling exploration was
conducted in September and October 1976 to evaluate the cofferdam, and one
boring was grouted to determine effectiveness of using a grout curtain to
reduce seepage. After several thousand sacks of cement were pumped into
6 additional borings, the grout curtain scheme was abandoned and the
interceptor drainage system was extended. The leakage problem was resolved.
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TABLE 4-1

POWERHOUSE DEWATERING WELLS AND OBSERVATION PIEZOMETERS

Boring Diameter (inches)
355 4
358 12
366 4
367 4
371 12
372 12
373 12
374 12
375 12
376 12
377 6
378 6
379 6
380 6
381 6
382 6
383 6
384 12
385 12
386 24
387 24
388 24
389 24
400 *
401 *
402 *
403 *
404 *
405 *
406 *
407 *
500 4
501 4
502 4

*Data unavailable.

Type

Piezometer
Well
Pilezometer
Piezometer
Well
Well
Well
Well
Well
Well
Plezometer
Piezometer
Piezometer
Piezometer
Piezometer
Plezometer
Piezometer
Well
Well
Well
Well
Well
Well
Well Point
Well Point
Well Point
Well Point
Well Point
Well Point
Well Point
Well Point
Piezometer
Piezometer
Piezometer

Refer to plate 5 for boring locations.
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Surface

Elevation

810
811
817
823
785
785
785
785
785
785
785
785
785
785
785
785
785
785
785
786
784
786

%
785
785
768
768
768
768
768
768
805
805
805

Top of
Rock Elevation

739
726
732
756
754
730
698
693
696
696
693
695
700
706
748

]

x

708
714
<709
736
<705
*

* % X ¥ X N »

<754
<753
<754
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4,04 Powerhouse Additional Units Excavation. The powerhousz additional units
contract included rock removal below elevation 799 to finish grade with
installation of rock bolts, final excavation limits for overburden, dewatering
system, rock reinforcement of rock piers (dragon teeth), removal of the cof-
ferdam and cutoff wall, and final grading. Most overburden was removed during
the previous contract. The remaining overburden was removed by front end
loader either to top of rock or to elevation 735 feet. Approximately 340,000
cubic yards of common material and 97,000 cubic yards of rock were removed
from the excavation area under both contracts (appendix D).

Rock excavation design for penstock units 21 through 27 was intended to result
in savings by a "dragon teeth" pattern of vertical walls and horizontal sur-
faces. However, increased rock bolt and wire mesh costs for rock pier rein-
forcement apparently offset the reduction in excavation costs.

Powerhouse rock excavation was stringently controlled through contract speci-
fications and constant blast monitoring. See appendix D for the report
describing preshear testing for excavation of the penstock slots and power-
house addition. Precision rock blasting techniques were employed to preserve
rock formations for founding the powerhouse service deck. Before excavatiom,
tops and upper sides of the "dragon teeth" between the penstock slots were
somewhat jagged and irregular due to the strike of both primary joint sets
being 45 degrees to the trend of the teeth. The sides of the teeth responded
well to excavation. Rock bolts were systematically installed as rock excava-
tion progressed downward (figures 4-4 through 4-9). The intent of the
stringent contract specification was to prevent damage to existing concrete
structures on the final design rock face by limiting peak particle velocity.
To meet contract vibration restrictions for final bedrock faces, presplit
shots were detonated in a series of delays with only three line holes in each
shot. Con-~tract blasting specifications are in appendix D. The maximum peak
particle velocity (vectoral sum) allowed was 2 inches per second in rock at a
minimum of 20 feet distance from the design rock face, and 4 inches per second
in concrete.
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FIGURE 4-3

LEGEND FOR FIGURES 4-4 THROUGH 4-9

48
/l‘race of dipping joint plane with angle and direction of dip.

* Trace of vertical joint plane.

Lamprophyre Dike

@ Rock Bolt
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SECTION 5., STRUCTURAL MODIFICATION INSTRUMENTATION

5.01 General. The structural modification consisted of raising the dam

10 feet including the spillway monoliths, nonoverflow sections, intake struc-
ture, closure monoliths and abutments. The dam consists of a 250-foot lomng
right embankment, 4,820.5 feet of concrete gravity sections, a 476-foot long
left embankment and 416 feet of buried impervious core. The concrete gravity
sections consist, from right to left, of a nonoverflow section (monoliths 1
through 4), a spillway section (momoliths 5 through 24), a nounoverflow section
(monoliths 25 through 44, plus A and B), an intake section (monoliths 1
through 27, plus S-1 and $-2), and a closure section (monoliths C-1 through

C-11). Refer to plate 7.

5.02 Instrumentation for Spillway and Intake Monoliths. Instrumentation has
been placed throughout the dam to monitor structural behavior, determine bend-
ing, tilting and displacement and to insure safety. Instrumentation includes
measurement of the interior concrete temperatures, joint movements, crack
movements, uplift pressures, leakage and structural deflections. The follow-
ing paragraphs describe the various types of instrumentation, their location
and function. Table 5-1 shows instrument locations and reading schedule.

5.02.1 Strong Motion. Instruments for measuring seismic response of the dam
are installed in spillway monolith 24 at elevations 950 and 764 feet. Another
instrument to measure ground motion is installed downstream of the dam on the
left bank. These instruments are electrically powered with an emergency
battery power and automatically record when triggered by seismic activity.

The only earthquake recorded to date was by the downstream strong motion
instrument occurring on 19 January 1979. An earthquake of local magnitude 4.3
occurred approximately 5 to 7 miles southeast of Chief Joseph Dam.

5.02.2 Concrete Temperatures. Resistance thermometers were embedded in the
concrete of spillway monoliths 13, 14, 15, and 17 in vertical and horizontal
arrays during the original construction of the dam. These thermometers meas-
ure the temperature profile throughout the monoliths as affected by water and
ambient air temperatures. The pool raise had no noticeable effect on concrete
temperatures, and the thermometers show only small annual variations; there-
fore, the readings of the thermometers in monoliths 13, 14, and 17 have been
discontinued. Reading of monolith 15 thermometer will continue on a monthly
basis to provide data for structural evaluation.

5.02.3 Crack and Joint Meters. Since construction of the dam, Whittemore
gage points have been installed across several monolith joints and exterior
cracks throughout the spillway and nonoverflow monoliths and across all the
monolith joints in the intake and closure sections. Manual mechanical
measurements of these points were made periodically to monitor deviation of
movement from annual cycles of movement established from prior measurements.
In 1979-80, electronic joint meters were installed in galleries across all dam
monolith joints and one crack in monolith C-2. These meters automatically
read both axes of movement in the horizontal plane by means of variable resis-
tance potentiometers. Data are transmitted by wire to a microprocessor
located in the coatrol room of the powerhouse and transmitted from there via
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and Number of Total

TABLE 5-1

INSTRUMENT LOCATIONS AND READING SCHEDULE

Instrument Type
and Remarks

Normal Reading Frequency

1.

Joint Meters, Monthly monitoring con-

Potentiometer trolled remotely from
Type, 85 District office.
Deformation Discontinued 26 July
Meters, 8 1982

Deflection Plumb-
lines, 2.

Twice monthly.

Precise Alignment:
Laser Survey

Twice annually. Laser
survey taken at maximum
upstream and downstream
deflections.

Uplift Pressure
Cells

Monthly.

a. Gage Type, 53

b. Air Pressure
Type, 106

30

Instrument Location(s)

Spillway: All mono joints
in access gallery. El. 832
Nonoverflow: All momno
joints in nonoverflow gal-
lery. Elevation varies.
Intake/closure: All mono
joints in 948 gallery.

Spillway: Drainage
gallery, monoliths 7, 9,
16, and 19, 2 each.

Spillway: Access gallery
and drainage gallery, mono-
liths 5 and 24,

Intake: 960.75 gallery,
monoliths 1-27.

a. Closure: Drainage gal-
lery, monoliths C2-Cl1 (2
each); Cl (1); Intake: drain-
age gallery, monoliths 12-14,
S1, S21; Spillway: drainage
gallery, monoliths 1-6, 8,
10-12, 14, 15, 19, 21, 24

(1 each); Nonoverflow: 25,
27, 30, 31, A (1 each),

B (2).

b. Cells located in all
sluices of monoliths 7, 9,
11’ 13’ 8nd 16-230
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TABLE 5-1 (cont.)

INSTRUMENT LOCATIONS AND READING SCHEDULE

Instrument Type
and Number of Total

10.

11.

c. Sounding
Type, 77

Leakages

a. Joint Drains,
25

b. Face Drains,
173

¢. Foundation
Drains, 333

d. Weirs

Sump Discharge
Whittemore Crack

Gages, 41

Resistance Thermo-
meters, 141

Piezometers,

90

Relief Tunnel
Wells, 22

Normal Reading Frequency

and Remarks

Minimuwm twice annually
(February and August)},
additional readings
required under certain
conditions (except

weirs).

Monthly.

Measure weekly.

Discontinued 22 July
1982,

Monthly for monolith 15
only, other thermometers
no longer read.

Monthly.

Twice annually
(September and March).

31

Instrument Location(s)

c. Intake monoliths 1-11,
15-27 (2 each) from the

948 gallery; monoliths 3,
11, 16, 17, 20, 22, 24 (2
each) from the 960.75 gal-
lery; nonoverflow monoliths
28, 29, 32-44 (1 each).

Drainage Gallery: Joint

and face drains-spillway, 198.
Foundation Drains: Spill-
way, 248; Intake, 34;

Closure, 51.

Nonoverflow 26,44; Closures Cl,
C4,
Spillway: Monolith 15.
Spillway and Nonoverflow:
Downstream, exterior, mono-
liths 3-5 and 24-43,
Spillway: Monoliths 13, 14,
15, and 17.

Right abutment; 70 (3 taken
out of service).

Left abutment; 20 in serv-
ice.

Relief tunnel in right
abutment,



Instrument Type
and Number of Total

12. Relief Tunnel
Leakage

13. Slope Indicator,
Bridgeport Slide,
14

14. Foster Creek
Culvert Flow

15. Settlement
Monuments, 25

TABLE 5-1 (comt.)

INSTRUMENT LOCATIONS AND READING

Normal Reading Frequency
and Remarks

SCHEDULE

Instrument Location(s)

Weekly.

Quarterly.

Weekly.

As directed by GT Branch;

survey conducted by
District Survey Branch.

32

Relief tunnel in right
abutment.

Reservoir, left bank.
(See Figure 8-1)

Foster Creek

21 on top and downstream
of left abutment; 4 on top
of right abutment.




telephone to a computer terminal in the District office. Frequency of read-
ings can be varied and transmission of data controlled directly from the
District office. The automatic system became fully operational in May 1980.
Movements indicated to date are within expected ranges. Readings from the new
instruments do not correlate with past Whittemore gage readings. This is
attributed to inherent inaccuracies of the Whittemore system and human error
involved in manual readings. Readings of Whittemore gages have been discon-
tinued at joints and on exterior cracks.

5.02.4 Plumblines. Suspended wire plumblines were installed in the access
shafts at each end of the spillway in monoliths 5 and 24 during the contract
for pool raising structural modifications. The plumblines measure monolith
deflection trends. The wires extend from elevation 957 feet near the top of
the dam to the approximate elevation of 767 feet. Reading stations for both
plumblines are located at approximately elevations 836 and 770 feet at inter-
sections of the access shafts with galleries.

5.02.5 Uplift Pressures. With increased height of the dam, determination of
uplift pressures at the foundation was critical so uplift pressure wells were
installed in all spillway monoliths, intake monoliths, closure monoliths, and
all of the nonoverflow monoliths, except monolith 26. Locations are shown on
plates in appendix A. Three types of readouts are used for the uplift pres-
sures: direct reading type using a gage for measurement of the uplift pres-
sure, the air pressure type using air pressure to displace a column of water,
and sounding wells where the depth to water is measured. Uplift pressures in
the spillway section are generally below the design limits, but several air
pressure-type cells near the downstream toe of the dam indicate pressures
above design assumptions. The intake structure uplift monitoring system con-
sisted of 48 vertical, size EX (1-1/2 inch diameter) holes drilled during the
structural modification contract. These holes were drilled from the elevation
948-foot gallery through concrete into foundation bedrock. Two uplift wells
were drilled each in monoliths 1 through 11 and 15 through 27. Numerous
uplift wells showed erratic water level readings which were attributed to
water leaking through the horizontal concrete lift joints. Between 1981 and
1983, EX holes in 18 intake monoliths were filled with grout and a new pair of
NHR wireline holes (3-inch diameter) were drilled to replace them (table 5-2).
As-built rock elevations beneath the dam were never developed for the initial
foundation report published in 1957. Table 5-2 gives uplift boring drilling
data (1981-1983) completed in the intake structure and is presented here to
supplement top of the rock elevation data. Location of the intake structure
uplift pressure wells are shown in the plan view on plate 12 and section view
on plates 21, 22, and 23, The wells are read monthly using a model DR-760A
Soiltest water level indicator. Remote readout electrical devices have been
purchagsed and will be installed in each uplift well. PVC pipes were grouted
in the holes to near top of rock to prevent water flowing in through leaking
concrete lift joints. An additional pair of NHR wireline holes were drilled
from the elevation 960.75-foot gallery in monoliths 3, 11, 16, 17, 20, 22 and
24 since these monoliths were considered the most unstable. In May 1983, the
new uplift monitoring system was complete. Uplift pressures in monolith 11 of
the intake structure continued to be high. In 1984, additional drain holes
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INTAKE STRUCTURE - UPLIFT PRESSURE BORINGS

TABLE 5-2

Monolith Hole Elevation Total Depth Depth to Rock Elevation at
Number Number in Peet in Feet in Feet Top of Rock
1 1SE 948 88.7 84.9 863.1
1 1sw 948 92.5 89.2 858.8
2 2SE 948 92.5 88.8 859.2
2 28W 948 88.5 84.8 863.2
3 3NE 960.75 114.2 110.5 850.3
3 3NW 960.75 113.3 108.6 852.2
4 4SE 948 90.1 86.6 861.4
4 45W 948 92.5 86.8 861.2
5 5SE 948 89.0 85.6 862.4
5 5SW 948 89.5 85.2 862.8
6 6SE 948 90.7 86.5 861.5
6 6sW 948 90.5 86.3 861.7
7 7SE 948 89.5 86.2 861.8
7 7swW 948 92.5 88.5 859.5
8 8SE 948 90.9 86.1 861.9
8 8sw 948 91.0 84.9 863.1
9 9SE 948 90.5 86.4 861.6
9 9sw 948 90.5 87.0 861.0
10 10SE 948 91.0 88.2 859.8
10 10sw 948 90.0 85.9 862.1
11 11NE 960.75 104.1 100.4 860.4
11 11NW 960.75 115.5 110.1 850.7
15 15SE 948 91.5 88.3 859.7
15 158w 948 90.5 85.7 862.3
16 16NE 960.75 102.5 97.6 863.2
16 16SE 948 90.5 86.8 861.2
H 16NW 960.75 103.5 98.8 862.0
16 16SW 948 90.5 86.9 861.1
17 17SE 948 90.5 86.8 861.2
17 17NE 960.75 100.5 97.6 862.4
17 178W 948 90.5 86.1 861.9
17 1789 960.75 100.5 96.5 863.5
18 18SE 948 89.7 86.0 862.0
18 18sW 948 89.5 86.3 861.7
19 19SE 948 90.5 86.1 861.9
19 198w 948 94.8 91.9 856.1
20 20NE 960.75 120.9 116.9 843.9
20 20NW 960.75 124.5 120.4 840.4
21 218SE 948 107.5 104.6 843.4
21 2189 948 110.5 106.0 842.0
22 22NE 960.75 125.5 121.6 839.2
22 228w 960.75 122.5 117.7 843.1
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TABLE 5-2 (cont.)

INTAKE STRUCTURE - UPLIFT PRESSURE BORINGS

Monolith Hole Elevation Total Depth Depth to Rock Elevation at
Number Number in Feet in Feet in Feet Top of Rock
23 23SE 948 90.5 85.7 862.3
23 23sW 948 90.5 86.3 861.7
24 24SE 948 90.6 85.6 862.4
24 24NE 960.75 103.0 97.5 862.5
24 24SW 948 87.5 84.6 863.4
24 24N 960.75 102.9 99.3 860.7
25 25SE 948 87.5 84.6 863.4
25 258w 948 89.5 85.9 862.1
26 26SE 948 89.7 85.9 862.1
26 265w 948 90.8 86.9 861.1
27 27SE 948 102.5 99.5 848.5
27 27SW 948 112.5 108.2 839.8
35
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were drilled in the eastern end of the lower drainage and grouting gallery in
monolith 12 to intersect faults and joints in monolith 1l. Uplift pressures
were slightly reduced. High uplift pressures occurred in monoliths 13 and 19
during the winter of 1985-1986. The high readings were attributed to surface
water leaking past hole collars. Waterproof caps were installed and readings
decreased. Leakage is also occurring at some of the pipe fittings of the
uplift pressure system in the closure monoliths. All other monolith uplift
pressures show no excessively high uplift pressures.

5.02.6 Laser Alignment. Movemeat of intake monoliths 1 through 27 in the
transverse (upstream-downstream) direction is measured by means of a projected
laser beam through the gallery at elevation 960.75 feet. Monolith movements
can only be related to adjacent monoliths as the ends of the survey line are
not fixed points and cannot feasibly be referenced to any fixed points. Two
surveys of alignmeunt prior to pool raise were made, and 12 post-pool raise
alignment surveys have been made. Results of these surveys indicate most
monoliths move +0.10 inch annually in a direction perpendicular to the struc-
ture's longitudinal axis as relative to their position in June 1980.

5.02.7 Leakage. Leakage from all sources in the nonoverflow and spillway
monoliths 1 through 25 is collected and measured in the sump in monolith 15.
Leakage into the nonoverflow monoliths 26 through 35 is collected in the gal-
lery gutter, measured at a weir in the gallery gutter in mnnolith 26, and dis-
charged downstream of the dam through a pipe in monolith 26. Leakage into
nonoverflow monoliths 36 through 44 and A and B is discharged downstream
through a pipe in monolith B. Foundation drainage in the closure section and
monoliths 12, S-1, S§-2, 13 and 14 of the intake section is provided by drain
holes drilled from a gallery near the foundation surface as shown on plate 12.
The remaining intake monoliths do not have such gallery and foundation drain-
age systems., Eight drain holes per monolith were fanned from the penstock
apertures in the upstream third of each monolith with each group connected to
a collector pipe embedded in the comcrete and draining to the downstream side.
All drain holes were angled in the plane of the dam axis to intercept an opti-
mum number of joints. There is no means to monitor leakage from these drains
and they should be considered ineffective. Past experience has shown that
drains in the foundation rock tend to become clogged with mineral crystal
development after a few years. There is no means of access to these holes for
cleaning, as is done periodically for all other foundation drains (see figures
4~1 and 4-2). Additional drains were drilled under the intake structure from
the sloping rock face downstream, angling slightly upward beneath the srruc-
ture. These drains were installed along with rock bolting in 1974 as a sepa-
rate contract to the additional units. All of these holes have shown minor
seepage since completion. Drain holes were cleaned in the summer of 1984 and
1985. 1In 1986, short sections of PVC pipe were installed,in the holes to pre-
vent plant growth and blockage of drains. Flow from gallery drain holes in
the intake section is so low that measurement is impractical. Flow from clo-
sure section drains appears fairly constant throughout the year (20 to 30 gpm
total). Originally, leakage into the drainage gallery of the closure
monoliths was removed by gravity drains located in monoliths C-1 and C-4.
During structural wodifications, the gravity drain located in momolith C-4 was
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blocked, and efforts by the project staff to clear the drain were unsuc-
cessful. The total drainage into the drainage gallery is now discharged
through the gravity drain in monolith C-1. Monitoring of leakage is by means
of a weir in the drainage gutter of C-4 and a weir in the drainage gutter
immediately upstream of the gravity drain in monolith C-1.
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SECTION 6. RIGHT EARTH AND ROCKFILL EMBANKMENT AND ABUTMENT

6.01 General. A zoned wraparound embankment consisting of an impervious
core, filter, random fill, rockfill, and riprap section serves to limit seep-
age and to tie the concrete dau to the right abutment. The right abutment is
composed of highly pervious gravel, 30 to 100 feet thick, sandwiched between
bedrock and overlying glacial till. Right abutment seepage control features
consist of impervious blankets, wells and a relief tunnel which are discussed
in the following paragraphs.

6.02 Relief Tunnel. The relief tunnel was constructed in the right abutment
during original dam construction to control seepage. The tunnel contains 22
relief wells and has a discharge capacity of 100 cubic feet per second (cfs).
The tunnel discharges into the spillway apron. Since initial raising of the
reservoir in 1955, flow from the tunnel has gradually diminished from a maxi-
mum of 93 cfs in June 1955 to the present average discharge of about 25 cfs.
Seepage discharge has responded in a predictable manner to the reservoir raise
to elevation 956 in February 1981. 1In 1982, a permanently mounted velocity-
discharge meter was installed in the tunnel to permit remote reading of relief
tunnel flows.

6.03 Piezometers. Forty-seven piezometer wells, 12 of which are multistage
piezometers have been drilled into the right abutment at locatiomns shown on
plate 19. All piezometers were installed from 1944 through 1972 to aid in
evaluating right abutment se=page and the effectiveness of seepage control
measures. Piezometric water levels are measured monthly.

6.04 Upstream Seepage Control Blankets. During construction of the dam, an
impervious blanket was placed extending from the wraparound section at the end
of the dam upstream for 2,000 feet. Construction materials for the blanket
were excavated from a glacial till source located on the right bank at the
upstream end of the blanket. In 1957, the impervious blanket was extended
2,000 additional feet to further reduce seepage, however, the blanket exten-
sion had no apparent significant effect on abutment seepage. Study of sea-
sonal ground water temperatures in relation to reservoir temperatures
indicated an apparent high permeability zone near the top of the original
impervious blanket about 1,000 feet upstream from the dam. In 1973, five
piezometers were drilled behind the impervious blanket to verify that a leaky
zone existed. Study of piezometer data between 1955 and 1972 revealed a
rising piezometric surface in the abutment upstream of the dam behind the
impervious blanket. A study of ground water temperatures in relation to
cyclic reservoir temperatures indicated that the raised level was caused by a
zone of high permeability near the top of the original impervious blanket
about 1,000 feet upstream of the dam. Construction records show that the
blanket was left low in the area because of the apparent nature of the soil.
In 1976, the impervious blanket, extending from the dam to 1,300 feet
upstream, was raised from elevation 870 feet to 940 feet. The impervious
blanket was extended underwater by lowering buckets of graded silty gravel
below the water to the working surface. Since raising and extending the
blanket, piezometer data (through 1987) indicates that the piezometric surface
has stabilized. Monthly observation of existing piezometers in the abutment
area serve for tracking the piezometric head within the aquifer.
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SECTION 7. LEFT ABUTMENT

7.01 General. The embankment for the intake closure section on the left
abutment 1is founded on bedrock and constructed to crest elevation 970 feet.
The zoned embankment consists of an impervious core, upstream and downstream
filters, random fill, rockfill, and riprap section. A buried cutoff wall
approximately 416 feet long connects the zoned embankment to the rock
abutment. The buried cutoff wall is founded on bedrock and consists of an
impervious core with upstream and downstream filters. Near the middle. where
a depression in the rock surface is crossed, the bottom 20 to 30 feet of the
core consists of concrete. During 1982, 18 piezometer wells and 14 settlement
monuments were placed in this vicinity to monitor seepage and observe
settlement adjacent to the buried cutoff wall. Studies indicated that the
observed subsidence was probably the result of settling of poorly compacted
backfill both upstream and downstream of the buried cutoff wall. Continued
analysis of adjacent piezometers indicate that the seepage cutoff wall is
functioning as designed (U.S. Army Corps of Engineers, 1986). A complete
discussion of the investigation is found in Chief Joseph Dam Periodic
Inspection Report No. 7, October 1984.

7.02 Construction History. The impervious cutoff (core wall) was constructed
in 1953. Between 1976 and 1980, the core wall was raised to elevation 965
feet for added freeboard. In February 1981, the reservoir was raised to new
normal maximum operating level of 956 feet.

7.03 Geology. The left abutment is characterized by an irregular granitic
bedrock surface overlain by glacial outwash consisting of sand and sandy grav-
els and construction fill. Joints within the bedrock are locally open, some
times 1 to 2 inches. The near surface material is an uncompacted variable
mixture of blasted rock rubble, sand, and gravel. Voids are found in various
areas throughout the rock rubble fill. During periods of cold winter weather,
numerous citings have been made of vapor rising from fill areas on the left
bank. This phenomenon was first reported to Seattle District geologists in
the 1960's and the occurrences continue to date. The vapor may be explained
by atmospheric pressure changes acting in combination with certain subsurface
ground conditions. A portion of the rockfill may form a constriction over a
porous media. This is analogous to a bottle with a narrow opening. When the
region is subjected to high atmospheric pressure, the air pressure in the sub-
surface tends to achieve equilibrium. As a low pressure storm moves into the
area, a pressure differential is created between the surface and subsurface.
The high pressure air within the porous media escapes upward much like a bal-
loon releasing air. Since the year-around ground temperature is 50 to 60
degrees Fahrenheit, the subsurface air tends to be the same. As the warmer
air rises into the colder air, a vapor resembling steam is created. Where
this vapor is found, the adjacent ground surface can be expected to be free
of snow. 7To date no hydrothermal activity has been recognized in the vicinity
of the dam.
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7.04 Investigations. Several backhoe trenches were excavated both north and

south of Pearl Hill Road to confirm the configuration of the core wall. The
core wall alignment is as shown on plate 18. Sixteen borings were drilled and
converted into piezometers. Borings were drilled to determine material prop-
erties, bedrock configuration and ground water conditions. In addition,
several backhoe trenches were excavated in and adjacent to the downstream
settlement area. Pockets of coarse rockfill were observed in the sides of
these trenches. Bedrock surface contours were developed from photographs,
foundation excavation, and exploratory data and are shown on plate 18.

Bedrock contours indicate a low area in rock that extends downstream from the
core wall and then closes. The contours delineate a local closed bathtub-like
depression in rock between the core wall and higher rock downstream. This
closed area acts as a water trap and collects seepage and surface runoff when
water inflow exceeds drainage capability.

7.05 Conclusion. The impervious corewall appears to be intact and function-
ing as designed. There is no evidence of seepage through the corewall, how
ever, there is evidence of seepage through joints in the bedrock underlying
the wall. The settlement area downstream from the corewall is probably the
result of consolidation of poorly compacted backfill.

40




SECTION 8. RESERVOIR SLOPES

8.01 General. Since the reservoir was increased to elevation 956 feet in
February 1981, minor progressive erosion and beach development have occurred.
Reservoir related slumping in glacial till has developed along the right bank
for several miles upstream. Slumping in the glacio-lakebed silts and clay and
raveling in certain sand and gravel terraces are common in steep bank slopes
around the reservoir.

8.02 Bridgeport Slide. Bridgeport Slide (figure 8-1) is located on the left
(south) bank just upstream from Chief Joseph Dam. The status report of the
slide is found in Chief Joseph Dam, Periodic Inspection Report No. 8, April
1986. The slide encompasses an area 2.5 miles long by 0.5 mile wide. Initial
sliding is prehistoric, but portions of the slide mass are currently being
affected by the reservoir. Slide movement near the upstream end of the
Bridgeport Slide required abandonment and relocation of a portion of Douglas
County Road 321 during the 1970's. Easements, which restrict land use around
the reservoir periphery, have been obtained. Such easements include existing
landslides adjacent to the reservoir and areas subject to erosion by the
reservoir. Recent fresh cracking of the ground surface is visible several
hundred feet upslope from the abandoned road. The slide is monitored using
photogrammetric methods at least twice annually and inclinometers are measured
approximately four times per year. The Bridgeport Slide poses no apparent
direct threat to the dam.
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SECTION 9. SUMMARY

No serious foundation problems relating to foundation stability were antici-
pated prior to, or developed during, comstruction. In general, the
foundations of the dam and powerhouse are of excellent quality. Only minor
structural defects were found in the foundation and were readily corrected
through standard bedrock foundation preparation techniques.

43




o

REFERENCES

U.S. Army Corps of Engineers, Seattle District (COE), 1945. Review of
Report on Columbia River in Vicinity of Foster Creek, Appendix 1, Geology
and Soil Mechanics.

U.S. Army Engineer District, Seattle (COE), 1957. Foundation Report, Chief
Joseph Project, Columbia River, Washington.

U.S. Army Corps of Engineers, Seattle District (COE), 1974, Design Memo-
randum 42, Chief Joseph Dam, Pool Raising Structural Modifications.

U.S. Army Corps of Engineers, Seattle District (COE), 1975. Supplement to
Design Memorandum 42, Chief Joseph Dam, Pool Raising, Structural
Modification.

U.S. Army Corps of Engineers, Seattle District (COE), 198l. Supplement 4 to
Design Memorandum 42, Earthquake Analysis of Chief Joseph Dam, Columbia
River, Washington,

U.S. Army Corps of Engineers, Seattle District (COE), 1982. Periodic
Inspection Report No. 6, Chief Joseph Dam, Columbia River, Washington.

U.S. Army Corps of Engineers, Seattle District (COE), 1984. Periodic
Inspection Report No. 7, Chief Joseph Dam, Columbia River, Washington.

U.S. Army Corps of Engineers, Seattle District (COE), 1986. Periodic
Inspection Report No. 8, Chief Joseph Dam, Columbia River, Washington.

44




Brainage Accﬁ& Gal iéries

Pt

Sastromestacion Prafile

Gaologic Pl
stﬂ“u fe'

le |
asttumentation Profile




ﬁ W %x\.f‘/ /’/\I\\\(\
1l \AV//‘!//
/ A /
- K_—'(I.. /A"’// 00/~
i’ + OO AT 2
wr : ¢ N \. \‘J’)’
el - ° S 0 l
U/
z ,,_rﬂl//
4 | . Aﬁel\
woa | , o\/\/
WE " w “ m
wr < o |
@ u - B ,
W a © _ ) _._
< W o >
w - o J. )
s M/\h/W\M«W( . :
W oy w ole
€ o O o
v e
z 5«
o0 o
O v W ,
! ] )

3
WASTE ROCK AND COMM

FOSTER CF

41

o




RESERVA‘I"ON

ROCK QUARRY

I’Do

BRIDGEPORT
STaTE PARK

SLIDING AREA

/ 17]16
K. 20|21
€EoLIAN ;i
SILT AND SAND
N
P
- i f
- /
4 A "«-f.l/’

P —
2~ »
e S A IMPERVIQUS

f@nu
woooSs
AuFrus ™~

13

/ACTIVE SLIDING mnj

ACHIEF JOSEPH DAM
ADDITIONAL UNITS

- PEARL HILL ROAD

BRIDGEPORT SLIDE COMSISTS OF SILY,
SAND, GRAVEL AND ROCK RUBGLE

@ GRANITE BEDROCK EXPOSURES

oy U. S. ARMY ENGINEFR DISTRIST, SEATTLE
N CORPS OF ENGINEERS
SIATRA, WAMGNG TOMN
ADDITIONAL UNITS AND STRUCTURAL MOD‘FICATION
) EK o MLE FOUNDATION REPORT
0 'J PROJECT GEOLOGY
AR CHIEF JOSEFPH UaM
Of IVER
L 30100 6001] FEET C‘-LUM_E&”“E — W, SH‘NGT; Wy
B| E-51-6-67 | NOvVs7 | 1
p o RLIN &= GEMBALA] >

R . |




N38S5.139.08
€2.291.10548 ¢




kel ]

o
W (1 I

K NATER
[ &

N Vd
3. \/ﬁsv' /

- Riss 154,

-~F g

IRRIGAYICA
MATER LIKE

\"=§00’

LEGEND
p321 EXPLORATION BORING WITH
800 BORING NUMBER AND ELEVATION OF
N TOP OF BEDROCK
\\\\'

N =R800 — BEDROCK CONTOUR

E EXPOSED BEDROCK

U. S ARMY ENGIKEER OISTRICT, SEATTIE
CORPS OF ENGINEERS
SEATTLY, WAINING TOM
. ADDITIONAL UNITS AND STRUCTURAL MODIFICATION
FOUNDATION REPORT

PROJECT EXPLORATION

CHIEF JOSEPH DAM

COLUMBIA RIVER WASHINGTON
50 FEET Wii | eiANOw WD ] Pai HO L8
¢ . 8 B| E-51-6-87 | NOva? | 2
[ oa LA[ wee




CEPTH (N FEET SELOR ORIGINAL GROUNG g1

AGGREGATE SOURCE
RESERVED FOR OTHERS'%%

TERRACE NO. 2
AGGREGATE SOURCE

test my | DEPTH o
otz |ove-Sumcen

" 12 28 | 3
i " 13 3.0 €
[ w| 14 2.0 [}
i “| 16 3.0 L]
\\ i 17 3.0' 4
8 20 P
% N ” * 21 sQ [, ¢
NN 25 20" :
\\ II 26 [K+} H

\ g
100 IDE ACCESS w27 3.5. [
FOR MAUL ROAD! * 20 2.0 3
73-8A-607 4.0 ‘

*173.8a-609 7.0°

NOTES
1. » NOT IN AREA

2. GRADATION AND
ORIGINAL MINI(

3. PLRCENTAGES S

SCALE IN FEET

SV H
©73-84-600 ('(-_/5

g
TP-17 %

KAGGREC:‘vATE SOURCE
FOR POWERHOUSE
ADDITIONAL UNITS

a4 1 P




e -\
- 600 T3.0M-803 T3-04-604 73-8H-608 T73-04-60¢ 13-0A.607 73-87-608 13-8A-609
SILTY SanD
SILYY SAMD SILTY SAND SILTY 3AND SILTY SANO OVERBURDEN SHLYY OYERBURDEN
) [ a [} - SAND
SAND SAND SAND SAND $%.8%, 10 SANDY L__*
15% . 81% GRAVEL 0%, 7%,9x,
— CRIAL ox.s0x
T T8, .
:'I:wosm 25%,50% 19%,15%, 19%,
mi 4 FER 20%, 135, 19% som. tox
GRAVELS 3% s6x BREERE AL
22%.38%
mEn | 3
49%.9% 21%,19%,16%,
-——{. 17%,271%
-——J ;7::;:,”:. 205183303,
16%,24%
5%, 16%, 15K, |
3%, 21% 26%,14%, 04K,
41K, 13%, (08 1ov.20x
2% 21X, 165, 178,
195, 28%
SEE NOTE 3 bl
6%.12x, 17%,
21%, 44%
SEE NOTE 3
TOTAL AGGREGATE COARSE AGGREGATE FiINE AGGREGATE
" reRGENT CURLATIVE PERCENT MATEMAL MERCENT CUMLATIVE PERCENT GRAVEL 8Y WEIGHT RETAINED PERCENT | FINENESS CUMULATIVE PERCENT SAND BY WEIGHT AETAMED
wlini, Y smavec ) « 58070 80 sane | woouus 5 %% 07080 %0
24 %0 N ‘% 26 3.22
S %6 7 7 N o 338
o[ 4 G ” : R ) 321 N
o T3 s U IR 8 273 1y
A » XL > X1
o | T 46 8 % ; a7 298 :
0 3 . 19 YA - NENEED 244 s =
| . \ 2.
o | 7 ° 3 62 7 N NN 280 U ] < Z N
o | 7 ; & 60 44 RN 33 216 g = b
o] 3 ¥ L) DN NEE 340 ps 31
Q' 9 70 o 2) 298 &
d [ e s 1, B 271 ]
o 13 51 30 3.49
5" &) 50 32 3.2%
PvAILABLE FOR USE - GRADATION SMOWN FOR INFORMATION ONLY.
LCGS OF TEST PIT NUMBERS 12 THROUGH 28 MACE FRIOR TO
F CPERATIONS IN AREA. CRACATION SHOWN FOR INFORMATION OMLY.
OwN (NGICATE 3%, 11/2°.3 4" NC. 4, AND 5AND RESPECTIVELY.
s
TP-12 TP-13 TP-14 TP-16 P-17 -6
® [~T] ovERBURDEN : OVERBURDEN +__" OVERBURDEN : OVERBURDEN || oversURDEN | ] OVERBURDEN
o 1 74.2% @ 21.0% 6 34.2% 6 75.0% 6 ] 35.4x 6 3.3% 6
[ =¢ | J2siexs || 79loxs L] e5.0% s 25.0% S €4.6% S — 96.7% S
3L 62.4% 6 43.0% 6 48.8% G 1 s0.0x & ] 7.7 ¢ S-a% ¢
gl 17.6% 8 |4 57.0% 8 L1 s1.2% s 20.0% § 82.3% S L | 9.
© 75.6% 6 30.2% 6 53.4% G 1 s7.5% ¢ 1 o.0x & 5.0% 6
- 4.4% S L1 69.8% 5 | | a6.6% S 12 5% S | |ooox s | foesioxs
< | 2a.
z 82.0% G 31.0% 6 20.4% G 86.2% G €4.7% G 77.9% G
s 20 18.0% § 69.0% S |1 79lexs 13.8% S Seax s 92.1% S
= —1 60.8% G [~} s3.1% 6 61.9% G — 93.2% G 1 6o 7% ¢ ] 13.2% 6
] 19.2% § 46.9% 8 38.1% S G.e% 8 : | _{ec.ox s
- - L l3ssimxs
1 62.0% @ T 150.1% 6 74.3% G 89.3% 6 77.7% 6 4.0% 6
8t 36.0% S | 49.9% s | 25 s 0 7% S R mERE
u — 6iox ¢ 70.9% 6 82.7% & mEEE 78.0% 6 65.5% G
39.0% 8 || 20.1%s ] i7.3% s | | 22.5% S 22:0% 8§ || 34:5% s
Wl €8.6% G 69.6% G 79.2% G 73.3% 6 3 eaox 6 70.1% 6
wl % 31.4% S __J 30.2% 8 20.8% S 26.7% S i6.0% S L1 29.9% S
‘; 7&5: g 77.6% g 1 78.7% 6
< 24.95 22.4% L] 21.3% §
| 79.8% 6 76.5% G
Ef s | _20.2% s 2358 S
& 64.6% G
a 35.2% S
o e

U. $. ARMY ENGINIER DISTRICT, SEAITLE
CORPS OF ENGINEIRS
SLATTLE. WASMING TON

ADDITIONAL UNITES AND STRUCTURAL *4ODIFICATION
FOUNDATION REPORT

CONCRETE AGGREGATE SOURCE

CHIEF JOSEPH DAM
COLUMBIA RIVER
x| erane .

WASHINGTON
h l-ﬁ 3

o




——

e o -] M ~r YT e -

-

FLOW

]
“ ~ AXIS OF INTAKE T

‘ STRUCTURE .

o

§ |
TYPICAL ROCKBOLT © —

AND DRAIN HOL »
OLES -

<

ELTOS s F
3 -

EL 777 — o
EL761 3 ,;F_

. «H
Tl
P =3 I [

n —aef
k3 E‘
- o)
177

5 0
N =
< RGED viEW €

PLAN
0 50 100 150 FEET
——————t————
SCALE IN FEET
143' TO AXIS OF . 143'" T0 AXIS OF 143’ TO AXIS OF
INTAKE STRUCTURE INTAKE STRUCTURE INFAKE STRUGTUR

60’
SECTION B;-B SECTION C-C SECTI
’ 0 30 60 80 FEET
SCALE INFEEY -

{




AXIS OF INTAKE STRUCTURE

- MONO JT+ [
Filk, . [V
T e | G .
; l < /‘
T T _"
! INTAKE
! MONOLITH
r"Cr" PENSTOCK T
r'B'i",Er“B
’ n N EL 785
ro~i-e p—o 4 — F-~}—d [EL 769
1 = e _ —~—— SERVICE DEC
T T : - EL 849
EL 750 — EL 810
g _q l 90" t—
0 i
- el
L—L}-Et:B [ r !
(W

PLAN
0 30 680 90 FEeT

SCALE IN FEET

60’
TYPICAL SECTION A-A

0 20 40 60 FEET
SCALE IN FEET
LEGEND

—_—— DRAIN HOLE

ROCKBOLT

SN BEDROCK

143’ TO AXIS OF
INTAKE STRUCTURE .
1

795

~_EL 785
EL 777

\S EL 761

% EL 750
L4

20’

U. 5. ARMY ENGINEIR DISTRICY, S$SATYU
CORPS OF ENGINIIRS
MATAS, waiminG tON

ADDIT. UNITS AND STRUCT. |

CTION D-D SECTION E-E FOUNDATION REPORT
ROCK BOLTS & DRAIN HO
CHIEF JOSEPH DAM

COLUMBIA RIVER WASHIN
ET 27 LIOIE N -] Iyl =0 paty
B E-51-6-57 | NOVB7?

o

'3

W ECKER L .N|<~GEMBALA

e

- T e, 3 " " I ra— "




| &

E
F

"ExTenoep 24v
MO Friren ¢,
SEE TrPica Iy

EXISTING 24
EL 753 ROCKF ILL

XTENT OF PLASTIC ’
ILTER CLOTH . EXTEMOED 24°

ROCKF ILL

G
NER D iy

ORa 1y nm'f._u e
- -

,5'- 08

ROCKF 1
OTH, |
ECTI0n '

PRE 1950

!FOSTER CREEK DRAINA

Flow
PLAN
1] 50 100 FEET
Nt ————f
10
r ] SOLID 38" | .0 CSC PiPE
I1NVERT 7
NER EXISTING g ""3’/\‘;:::“ o
10 UNPERFORATED 24 1D CWP pree -7
r“] 400t ~$' LENSTN 30°* 0.p.
JONNBON WELL SCREEN
N 1 s suome ) (0. 130° CPENINGS)
- [ Y

PERFORATED 30" 1 O
CMP. SEE DRAIN DETAIL

/’
’
7’
61/ 10 LENSTW 30° 0.0.
P JONMOON WELL SCREEN
/ (0,150 OPERINGS)

.--.._‘___.__._-_._J“

PERFORATED
30° 1.0 miPg

DRAIN PLAN ~SCHEMATIC
— = SLIEMATIC

NOT TO SCALE




PLASTI
(LR

30°

' o

PLASTIC CLOTH FILTER
IN TRENCH

LEGEND:
REFER TO TABLE 4-1 FOR WELL DATA)

@ DEWATERING WELL OR PIEZOMETER
OPEN WELL POINT

OPEN TUBE

c b »

STANDPIPE IN INTERCEPTOR DRAIN SYSTEM
(30"JOHNSON WELL SCREEN SLOT # 150)

N\

24-INCH ROCKFILL BLANKET EXTENSION

P WELL POINT PUMP

EXISTING GROUNO

SURFACE —
ACCESS ROAD

PLASTIC FILTER CLOTH
NHERE SHOWM ON PLAN

ROCKF (LL BLANKET
24" MINIMUM

TYPICAL SECTION

0.

BACKFILL RITH
- GRAVEL FILYER

¢ fONS BOT™
S1008 3/8° 014
PEAFORAT 100S

SPACED 1° O.C

DRAIN DETAIL

S 10 FEET

“PENFORATED 30" 1 I Cwe
SLOPE MINIMUM X

U. S. ARMY EN'GINEER DISTRICT, SEATTLE

CORPS OF ENGINEIRS
SIATTLL, WASIINGTOM

1 2 FEET

cOLUMBIA RIVER

ADDIT. UNITS AND STRUCT MOD

FOUNDATION REPORT

WERHOUSE DEWATERING
POWE SCHEME

CHIEF JOSEPM DaM
WASHINGTOP

wu

L 16N

Wrest 4 t4Qu WO

E-51-6-67 |Nove?| &
[+
=




W

T61.0
340
7844
4.6
4.9
7887

C
Alnsiy Rive
n

e

™.

TeN7
ne s

™7
™.
0.7
”»ae

Ie




Pt g B
I j
J
{

. SERVICE DECK
g ACCESS ROAD

na. ida U. 5. ARMY ENGINLIR DISTRICT, SEATILE
CoRPS OF INGINEIRS -
30 NOTES . GRATYLY. WADMINGE YON
rers 1. SOUNOINGS IN RIVER SHOW EXISTING CONC!TICNS APDIT. UNITS & STRUCT MOD.
o 18 ALY 1973 FOUNDATION REPORT
FINISHED POWERHOUSE
EXCAVATION
. CHIEF, &()SEPH DAM
PLAN COLUMBIA RIVE WASHINGTON
[~ 7] WNAOn mb -l wd ] Kan
- o o “w o 8 E-51-8-57" |nove7 | 6
I I »-ECKERLIN | var'
T
-




Q
AN d
. /
I \ NON-OVERFLOW

MONOLITHS




INTAKE
AN CHANNEL

POWERHOUSE ADDITIONAL UNITS
E ES 10°& 11

FAULT TREND WITH DEGREE OF DIP
(FAULT DESCRIPTIONS ARE FOUND IN THE CHIEF
OOOOOOOOOOOOOOO UNDATION REPORT 1857)




e \
- g w07y
~ \ LEFT ABUTMENT
- ’( SEE PLATE 18
~
\
\ \
\Q \ ‘0. \
| AN
! \ N \
\‘\ S+08.9 Y
\ \ \
! \ €n \
C9
A \ F \
\ : CLOSURE N
[Ce MONOLITHS
= g
~— .‘\ = — \ / co
2 b.;\\w = ) c‘, -~
~ [ NT -
/
» 57 v _
-~
~
I S £
[ P . -
845 = S/ e '4-
g,4 78 = 6/ 63 ’
4 — W 5. ARMY GNGINEIR DISTRICT, SBATTLL
o # Sevvoms
i . .2 “ADDIT, UNITS & STRUCT MOD.
DDITIONAL UNITS 21-27 : L NITS & STAUCT WO
DAM STRUCTURES AND FAULTS
CHIEF JOSEPH DAM
COLUMBIA RIVER WASHINGTON
T
B8 €-31-6-57 |NOVET | 7

R | [oe- var




VI s e ..
l\k\\w\\ \\\ | \\\ ; \
i r@\ 7Y
+—~
b d




L P

Foy e,

. "Is\_

~

T~

S

.

/
!
GEDLOG,Z 3TRUSTUPL NOT NCLUDED IN
/(lwov 1957 FOUNDAT iON REPORT<——— = —_
- -
z \ ~
1
.ﬁs‘ a1
1 3
-3

L e

P

|
|

Center Line of umr;—»l

TYPICAL POWERHOUSE SECTION |

RN
}

l

L _,m\._l,/

S+7T DOWNSTREAM
INTAKE AXIS

g 20 10 0o

0

SCALE IN FEET

60’

~N

[

!

p - 1o e
k)]’k(:,(‘



i LEGEND
By ' a0 f:
0g — 'ND'CATES TREND AND DiP OF MAJOR JOINT SYSTEMS ‘
Au ; :
__EL. TAINOR SAULT TREND WiTH DEGREE OF DiP B
AL 75
——— MAJOR FAULT TREND WITH DEGREE OF DIP ;
i
N
ﬂ1 t THIS DRAWING HAS BEEN MODIFIED FROM THE NOV. 1957
FOUNDATI1ON REPORT
.
J 2 JORIT PATTERNS ARE PLOTTFD ONLY IN SUFFICIENT
- f DETA: T <HOW MAJOR SYSTEMS. ANY MINOR OR
INCIPENT JOLITS ARE NOT SHOWN .
j: 1 3 JOINT AND FAULT STRIAES ARE D!STORTED, BUT ALL
T OiF ANGLES ARE TRUE. ON SLOPING SURFACES, JOINT
E AND FAULT PLANES ARE PLOTTED AT THEIR INTERSECTION
o WITH AN IMAGINARY PLANE SURFACE WHICH PARALLELS
P 4 THE AVERAGE SLOPING TOPOGRAPHIC SURFACE OF THE
\{ ROCK FOUNDATION .
—
U. 8. ARMY ENGINEER DISTRICT, SEATTLE
CORPS OF ENGINEERS
ADU’ BEATTLE, WASHINOTON
ADO|TIONAL UNITS & STRUCTURAL MODIFICATIONS '
FOUNDATION REPORT
POWERHOUSE (UNITS 1-20) :
GEOLOGIC STRUCTURE i
soLw CHIEF JOSEPH DAM H
2 COLUMBIA RIVER HINGTON
o s .’ IS (¥ TwwiTationwo — TACE %0 ¥
TN FEE 0 E-51-68~57 nov. 1087 | 8
D3N ECKER CWx GEMBAL A EE T

/ -




s X X x x YIAx x x o w\x 7.2
X X x x X X X x7 x
' X X I\, X x x <
’ X X X X/ X X % X X X rA“_
¥ X X X' X X X x X x @
v X X X Kk X x X x =
X X X X X X1 x XX% W
! X X X x X < x A
! x JSx  x m
| Vailv) < % M
x X x X x NN
X X X x x W 3
X X X % X
7 x x"x K AAAANNA
X X X X XX |x x x W
X %X X x X x o x X x x ) ‘
X X X X xX x x N X :
PN = SN\ 7 X
b x % x" xRN x X \\ )
x X X X X % \...\\x\\;u
T X X X X > X X V,\\\\\\\ \\x
X~ 77X x| x N . X X X X |3 \\\ 2
1/\ Mﬂﬂxx > NN X XX e X X w R
y X\ va N . . xixxxxxx\\xx\
- KAxx// N > x XX X x xx'x G T x
} Sl A NN xx&w\xxXX\\\axx\x\*,
N/ S x x0Tk NI X X % x X xP X% @“‘X\\xxx —
b~ x X XX XXX X X x.Jxx\V\\M,mXXxx
vﬁdﬂv\ XXX XN XXXXZ&\AXXR\\ X X %
x X X X X X x X X X X X / \
v Ix X X X |X x x° % X \ §
X X\ x x x x| x x % <1
X X X X x ¢ X x| :
XX X X x| x x
X X x |Jx x x
X X x X x x
X_ X X X x x
N XX X X X
X x X X X ) ox x
X X WX ox X[ x x
X X X X %X x
Z X] x X N\
X X x|
x 2
ey >y %X X
X va X %
X XX X X | x4 %
o X Kk x X £ -
m:x\!.rbr;x. x O
X /X x x| x X X / N
/ X X x X x EARNNN
A AW
X X X X Ix x x|x N /
X X X X x|l x x x /ﬂ/
XXXXXXX X -
|
(]
b~
F4 N x
5 )
I .
W x
X
& =
X
3 N <
a - x
L N\
© x| x
(9] X
Z x
T
W
[
z
w
o
—




N\

SN

P NOTES:
1. THIS DRA\Y
FOUNDATH
ROCK TYPES FOR THESE AREAS WERE NOT INCLUDED IN THE NOV. 1957 FOUNDATION REPORT 2. FAULT ST

) \| ANGLES A
PLANES A

AN IMAGIN

AVERAGE
ROCK FOU

N
X N y

i\\&\ < 2\\\\‘ X B~ L

AR \\\\\\-Eiv b
22284 ii
R ii

S

AT T

&-

Ny ‘\\\‘:‘\\\\\\ \ $2< d z ;’3 22 T FowEmHoUSE
] = 3 R \g»“\\ ,.o' 3
. ~L s AN N

&4 s P SR £$$£¢C07 S $ A

1

G
2' sg :E ! ) ' g S%
_/-{ [ SCALE IN FEET ore




LEGEND

////A GRANODIORITE GNEISS
GRANODIORITE

NN DARK SCHISTOSE GRANODIORITE

— LAMPROPHYRE

m HORNBLENDE GRANODIORITE

(D% DRILL HOLES, CONSTRUCTION

e
) DRILL HOLES, PRE-CONSTRUCTION
__¥®___ . MINOR FAULT TREND WITH DEGREE OF DIP

— L MAJOR FAULT TREND WITH DEGREEEOF DIP

NOTES:
I

FOUNDATION REPORT

2. FAULT STRIKES ARE DISTORTED, HOWEVER ALL DIP
ANGLES ARE TRUE.. ON SLOPING SURFACES, FAULT

THIS DRAWING HAS BEEN MODIFIED FROM THE NOV. 1957

PLANES ARE PLOTTED AT THEIR INTERSECTION WITH
AN IMAGINARY PLANE SURFACE PARALLELING THE

AVERAGE SLOPING TOPOGRAPHIC SURFACE QF THE

ROCK FOUN!

DATION .

U. S ARMY ENGINIIR DISTRICT, SIATTLE
CORPS OF ENGINIIRS
SEATRLL, WASIHINGTON

FOUNDATION REPORT

POWERHOUSE (UNITS 1-20)
GEOLOGIC PLAN

CHIEF JOSEPH DAM

ADOITIONAL UNITS & STRUCTURAL MODIFICATION

COLUMBIA RIVER WASHINGTON
S ] e on RO, | M MO, At WaTe
o E-51-6-87 nov. 1087 | ©
oan ECKERLIN On GEMBALA DY

S

e AN e Sk

FISTNON

a2 |




N7

4
P—

Wi

TAILRACE
DECK
]

2752 B

I

\ MAIN UNITS G-

™
R

w
o,
ZONE

SERVICE
DECK




] h 7‘- -
43 5
1 7O 2-INCH WIDE SHATTERED
80 ZOME ON EACH SIDE OF FAULY
68
- 0 €0-70/ 70 1
) / 70 —._m 70 -
73 )/ - &
1]
° % 2 i
. b Z
/ & < N
N 3
5 —]
40
24 —] 23
2 " e LEGEND
-_— — 0
\ = Y e JOINTS WITH DIP
1 ——_ 4§30 minor FAULT wiTH DIP
4
o _ S MAJOR FAULT WITH DIf
L
—_ 4 /_— 80 /\
'y
— "4
~ \
| .
60 4
80 / 70 ~—= \ s
70 v 42 n
70 78 7 \Q
[1.
65 : id \
i
! i o 75 0 4070 76 \ ‘ 35
} i 3 Y 48 < €5 1
. ¥ 70 53 \ 80 70 ‘ 65 B
\ N o9
: 1 , \\ % \ co_
A &0 —
. a
ih 45 6%
= | /i 7 = "’;_' NOTES
i 4 1 377
” a0 | JOINT PATTERNS ARE PLOTTED Of
R\ 70 . S/ SUFFICIENT DETAIL TO SHOW THE
: 70 5\) 0 70 g SYSTEMS. MANY MINOR INCIPIENT
o 2 — JOINTS ARE NOT SHOWN.
1 4 95
(3
by 800 — 5. ON SLOPING FOUNDATION SURFACE
3 o JOINT AND FAULT PLANES ARE PL
} - 10— AT THEIR INTERSECTION WITH AM
S L NARY PLANE SURFACE PARALLEL
. s - THE AVERAGE SLOPING TOPOGRAPH
\ ? SURFACE OF THE ROCK FOUNDATIC
\ 3 73 829 STRIKE AND DIP BEARINGS ARE DS
P 3 > - TED, HOWEVER, ALL DIP ANGLES .

:
“\

TRUE.
//‘3 REFER TO PLATE 11 FOR
/7/ GEOLOGIC PLAN.

I 4. APPROXIMATELY 80-90%

ALL JOINTS ARE COATEC
) . WITH CHLORITE.

ap

$. FAULTS ARE FREE OF GQ

22+43

U. S ARMY ENOGINEER DISTRICT, SEATTLE
CORPS OF INGINIERS
SIATILE, WASHINGTON
ODITIONAL UNITS ANO STRUCTURAL MODIFIC
FOUNDATION REPORT

POWERHOUSE (UNITS 21-27)

b4 GEOLOQIC STRUCTURE
: CHIEF JOSEPH DAM
~ COLUMBIA RIVER WASHIN
»re L] S0ENO OATE
NSTREAM 20 10" , , o €-81-0-87 NOV. 1987
> DOWNSTREAM ¥ oson ECKERLIN o GEMBALA e

L p ———




L

x X X x X e x < X b4 e 54 X
% I X % * % % ® X X X | X
x x b x X X X x x X x X X
ﬁ « TR T TR T TX T X T TR x— - we— - X T
N .
x % % X % X /://X X
-
> x X X X B x
T . /f\
% < s KX K X
b X
x x X x x '
y x x X x x x X!
j
p < > x X X & X |
v X X x % % x,_
,
¥ v x  x x x ¥ Xoooxo e e X
s % x x  ©x x x X X x b kd x xi
g X X X X 4 X
¥ X ¥ x x| ¥ x %
X % X X b X x
X ¥ x x X% X X o
v X X X ‘
SEL+ 92
' X X x X X X X
e X x X X X X o
X X x A X X X .w..
2l
x X X x X X % HHA y
lllllllllllllll x|
A x
x x X & X x X x e
% X X x x x x |0
nio
x X x x X x b X W 4 X X x X X x X x x x =[® x
| el LR
X < x X p x X X A x X X X x * x X x x x £€+22 VIS
< X X X x x x x x x X X 4 > X x X
; —_
XX x x4 x Xy X % x oxX
S 25+ie 3 X ke
&
wi X x
o
g by
L o)
b4 v x
(s}
&
¥ P
Q
a \
o
-
I
[

" P




x X % x.g X X X X )«: X §
2 O\ % Gx oxox % x gIx o \
X © L pd 4 - A
« ::ﬁ X Xy X X b X X X, 5&
o .
X
x X L X
x
!
X X
X X i al 2
X X X ~ <
X X = . € MAIN UNITS
X % X
X x |
‘ X X C X%
X X X X X x X —jfj/y'ﬂ+
- ~ < - e Fod—— | SR — = —
N B | T \ 1 i . I
\?%\(;j_h x k x ! X xp X k XX ol ; ECETD
' L s . i ' =
P X x X X X i % _
— N N :l X * }\ - ?\ ! VA sranopioriTE GNEISS
- N AY i [ X X X ><| X X ! X ’\: T Toe—
1 |
a < \'ré X X X XX ox X X X ! % # ] GranoDIORITE
! "\ i |
. t 1 I ]
4 X h X h X | x oy i< N : » X: § DARK SCHISTOSE
< 1 X 1% x X, K % :\l X :x X : %\ m GRANODIORITE
' ) ) BN t !
X ! x t X X
» {! » < b L X « x%’ % \ s ‘\ « N _ L L AMPROPHYRE
X X X x ) % / -
< ' ; : / ! ' ; ~ i ” E{g HORNBLENDE GRANODIORITE
P e ! N : |
_ ‘A’,,;_¥ x [ x x X x X : B : ! |
7 " -
X , 1o x A x X X ,/t X X ) X . {4 X
/ - ! [ ; y !
— J f S i \».\ pS X s /( x :>< < : : y : X x
, ' o 3
;‘/ x S < : | _x / |' % x : %, < o i 4 XI X
) i ) |
% 1 ! xohalr )‘( x X r “oox oI
'\\\X ) : M X : x X X 3 X | X: X: X
N [}
W, : <X X X kK x AN X1
x "‘1} : x « : X X x X !(y X Xll x
o ]
o }/ % :\;( X X X X :\( < X x 1 X
[ 1 e
X - "4F’ < 4 X \\ 3 i
< x * _\i/k/ " \ < :
% M < x y/(/ X 2 :
< X Y xRy <
X i = x X X X <
&;ﬂ X X X N
= “ ? x >< %
= g
X X X K4 x x x
% x X \j& X
X x X X':‘\ X
x x x A\
¢ ‘ ‘v
£
Xa ¥ N\ U. 5. ARMY ENGINEIR DISTRICY, SEATTLE
< 7 [\ CORPS OF ENGINEERS
o / \ SEATTLE, WASHINGTON
hal y ///// ADDITIONAL UNITS AND STRUCTURAL MOTIFICATION
;/// ////r C N\ FOUNDATION REPORT
// g / C 22 = 21 N POWERHOUSE (UNITS 21-27)
7 < : N\ GEOLOGIC PLAN
% ' § ’ o \ CHIEF JOSEPH DAM
/ s Z/ M P N cOLUMBIA RIVER WASHINGTON
A — = EET. N ¥ . §zZE INVITATION NO FILE NO DATE PLATE
DOWNS TRE AM 20" 100 o0 20" o o i E-51-8-57 | NOV. 1957]11
0SGN ECKERLIN ik GEMBAL A sy

' /L/ g




AX1S OF INTAKE STRUCTURE B~

ﬁ EL 960 GALLERY




ey

@

=

-

L

2

N (4

=

(2]

w

-

x -

=z

A

g ©

N

8%

)
TN
3 T\IN

L3

Vs

ali+n

/1 ]
)

l—
to—-

5

\\_ ,z.»em\*m:ﬁo_

8.t +01

82146

s 0 -

. \\ (]
s’ (R
A
L 2

G4

b‘/

55

a7 Y8 7
7.4 VA
“ £)
- s o
5 &
g P »)
W ) ae6 62 X
i AT 1
! 7l
* . 1 > A~
} V i
A e
L)y 92T +62
A o \
g 4B g
ad|
T :
vz e
]
o6
\ﬂ.
84£2
s AW 2 Avy
o8, \
A N[
W¥ ﬁ._J \\AM . ,
i) !
S T : Clega
T BT
Tl v (D
™ h,.C ' N
& —:A J\.n/ ,.
: 1= . [

-2

s\

1} .
7 - - 18 .
4 i g
~18¢2+8)
? -
v &Jaur
-4
oy
h YD
RNZ f
- 1 ‘8 &a
v; 86642
3 2 R
Li 4 \
. ’
LA
(0 I ek
"
8gg8+91
: °
! i
o i TN /
[y ) 1
il [ 14
a i 4 &8y
el . . /J
AN
x < . ’
/
/

’ 801+9)
sl 7 .
p- S ryes

[ /.
: i i
; s L
b H <
by ///
1 |
+J\ __ 7 P/ﬁ 8.5 +61
™ - SV “
/
’
[
. — 801+91
i 7

"

geliie




GALLERY

ALLERY

LEGEND

TSRE2 (NDICATE TREND AND DIP OF MAJOR JOINT

Pg— SYSTEMS.

__ 375 MINOR FAULT TREND WiTH DEGREE OF DIP
ue MAJOR FAULT TREND WITH DEGREE OF OIP

[ ] FOUNDAT ION DRAIN HOLE
a UPLIFT PRESSURE CELL
NOTES:

t. FOR NOTES, SEE PLATE 8

2. SEE PLATE 18 FOR ROCK TYPES IN THIS
AREA.

3. FIVE FOOT CONTOUR INTERVAL

U. 8. ARMY ENGINEIER DISTRICT, SEATTLE

CORPS OF INGINTIRS
SUATTAL, WASHINOTON

ADDITIONAL UNITR & STRUCTURAL MSDIFICAT
FOUNDATION REPORT
INTAKE & CLOSURE WALL
QEOLOGIC STRUCTURE

CHIEF JOSEPH DAM
COLUMBIA RIVER __WAsHmeT

.

[ NWVITATION NO. PILE MO DATL PLATY
° E-51-0-87 wov. 1eer | 12
owan ECKENLIN ow SEMBALUA sary

——




Typical of
Monas 12

v—v

Dry Side

<> i @) h ~
Q e} [<] ©
N € + b =
N + 3 7o) o & 3
\ ® e S o
J € = O
o P —
// E o G
’ »n o
N RN % 2} = .
Q N\ 1 | o = z 2 b
RN /1 Z < > s Mo
RN 7 2 w a o o —
W Al Q P @ =
N 7 « ) DY e
t” % P~ @ x>
N % 2 Z - x
\ e} (o] o
z Q < g .
(8 — [ \ &
Q O @ W'
- (O} ul e £ =
[ 4 n ol LS
w = x
> — > )
()] > W._ N.. ht % —
@ o Puons
4 o x w © o o n
o ® b - a e @] e e,
= i _ > ® J M € =
W = - Z e ik
- - S = S an. ¢ A%
| o ul - — = S
- ] O x 0 ol &
] > g g ul = x
b a ~ pd z NN e g
3z o =3 'S 2 A I po i 2
(0] + (&) &
w a By
Wi @ Ol v
x = <
2 ® & o
2 e i 2P L
[ (5] ) £ . _
© 3 : T ¢

.




\VE S 2
i 388777\ E
E5 "\ 5%\\\%%5 X  _ §x0504 L4 \:)
:‘x: /\\\\X\\ 3 88° 44’ 41" w 3
AP Bagi, o

A

Typical of
Typical of
Monos
Monos 12
15
\ Y S-1,8-2

16

i3, 14
, 813 Elev Elev 668,

x
&
"
s
+
O
[\
[~
-~
0

X

AX1

3
EL_86CA,

Typical ¢
Monos

Typical of \ —
Monos
22

pical o,

onags
9 “r7
20

ool

{ typnai of

Typical of
Monn

Monos |
Elev 863 J 27

841 Elev
s
z : ‘\\\‘\\‘\\<\§\\\\ x"x*, 53
NN @
N \ \ ;’.:\: N

v
% {

N




Begin earth
section

——

i \
Typical of .

}Monos C-7\

’L;-S, o \M
r, A
10, Co1l ot
;! mW

Sta 20+33.17 8

.4

AXHS \

C-2,C-3 Line \ ,
N I
: 3

EL 860, wr's

Typical cof
Monos

c-4

| ) yunat of

) Mono
Elev 863\‘7’\’“ 27

Sta 0*135¢

Sto 27+23.17B

%0 20 W © 30’ 0’
[= = = = = = comemeem—— ————— =]

IM“ ECKERLIN CHK  GEMBALA Iuﬁ-ll
-~ E————

LEGEND

GRANODIORITE. GNEISS

GRANODIORITE

S DARK SCHISTOSE GRANODIORITE
LAMPROPHYRE

HORNBLENDE GRANODIORITE

ORILL HOLES, CONSTRUCTION

eo

DRILL HOLES, PRE-CONSTRUCTION

45 - MINOR FAULT TREND WITH DEGREE
- of DIP

—
20 MAJOR FAULT TREND WiTH DEGREE
- — OFDIP
NOTES:

I THIS DRAWING HAS BEEN MODIFIED FROM THE
NOV. 1957 FOUNDATION REPORT.

2. FAULT STRIKES ARE DISTORTED, HOWEVER, ALL
DiP ANGLES ARE TRUE. FAULT PLANES ARE
PLOTTED AT THEIR INTERSECTION WITH AN
IMAGINARY PLANE SURFACE PARALLELING THE
AVERAGE SLOPING TOPOGRAPHIC SURFACE OF
THE ROCK FOUNDATION .

‘ U. $. ARMY ENGINEER DISTRICT, SEATILE ‘
CORPS OF ENGINEERS
WATRE, WASHWNETON

ADDITIONAL UNITS & S8TRUCTURAL MODIFICATION
FOUNDATION REPORT

INTAKE & CLOSURE WALL
GEOLOGIC PLAN
CHIEF JOSEPH DAM

COLUMBIA RIVER WASHINGTON
TNIE [INVITATION WO. JFiLE W0, oaTE FLATE
0 E-51-8-87 | Nov. 1087 | 13

3

- 4 4 P




e g——

he e - ~ T
T T
// S i \\ e t 75 ' ¥
] 1D Q8¢ . R PPPY e @9ee 0
AXIS OF DAM 3 ‘ ‘““r‘w' \‘X 8
197 4 ﬂ‘ \ & BN
[ YO
)

kA
//

2% { \

& a7

* 2l 2
/\ 7eig ]

[ v

20y~

|

=

16+12A

rd
1
' i 6! 50
1
( L e
l HB]
2; 1] BTIBNg
4 (! P
\/ 59 ’

MATCH LINE TC PLATE 16

69

]

STILLING BASIN

LEGEND
\-55\
e INDICATE TREND AND DIP OF MAJOR JOINT SYSTEMS
___mh MINOR FAULT TREND WITH DEGREE OF DIP

MAJOR FAULT TREND WITH DEGREE OF C.P

FOUNDATION DRAIN HOLE

FOUNDAT ION UPLIFT PRESSURE CELL

READOUT STATIONS AT ELEVATIONS 770 AND 836"

STRONG MOTION INSTRUMENT IN MONOLITH 24 AT ELEVATIONS

[

A

@ PLUMBUNE ASSEMBLY (EL. 767’ to 967°)
(s] 784’ AND 950




47|

\.'H\

75

7?7

o

78

11+22A >

LEFT TRAINING WALL

NOTES:
[
2.

3

FOR NOTES SEE PLATE 8
SEE PLATE 15 FOR ROCK TYPES IN THIS AREA.

CONTOUR INTERVAL 5'

SCALE N FEET

(1]

>




"\ 65)E5 gg

, .3 8*394
v sy

-

3*014
r'y

Lwae /-

o3
Yo
nriong>
( ]

ECKERL,

U. 5. ARMY ENGINIIR DISTRICT, SEATVLE
CORPS OF ENGINIERS

CHIEF JOSEPH DAM

ADDITIONAL UNITS & STRUCTURAL MODIFICATION
FOUNDATION REPORT

SPILLWAY (LEFT) GEOLOGIC STRUCTURE

COLUMBIA RIVER WASHINGTON

BAATATION WD, LY L nan

o E-51-6-57 | nov. 107 | 14
Men. ECKERLIN OR GEMBAL A L

R S A2 A T i e oo

— v



\\\\\\\\\\\\\" P
x
X X

X

MATCH LINE TQ PLATE 17

LEGEND

GRANODIORITE GNEISS

GRANODIORITE

DARK SCHISTOSE GRANODIORITE

LAMPROPHYRE

DRILL HOLES, CONSTRUCTION

DRILL HOLES, PRE-CONSTRUCTION

MINOR FAULT TREND WITH DEGREE OF DIP

MAJOR FAULT TREND WITH DEGREE OF DIP

STILL NG BASIN

NOTES:

THIS DRAWING HAS BEEN MODIFIED FROM THE
FOUNDATION REPORT.

FAULT STRIKES ARE DISTORTED, HOWEVER, .
ARE TRUE. ON SLOPING SURACES, FAULT P
PLOTTED AT THEIR INTERSECTION WITH AN i
SURFACE PARALLELING THE AVERAGE SLOPH
SURFACE OF THE ROCK FOUNDATION.

LOOKING UPSTREAM

T




——e —rrey v—— ,._\v,rrvr'w—- ~ - —— g
x —>xx
x— " -
x X% x [
x x =
X x X
x x X
X x x32x x
x  x X
N
NN
A1
x X x | x x| x ’
x x x| X x x x
x X x [x x % x
x! x X x X \
x \x x x Ix x x | x \
Coxlox Y X
x X x
x ' x
< x x
x x
o
"// s
i
e
4 B
-
s
a
z
©
-4
12
2
©
[
g
< i
i 1957 <|&f
. DIP ANGLES X -
NES ARE N ,
GINARY PLANE
TOPOGRAPHIC T
X e
" y
.
b
"3
x8
x
X
w x
x x
[ 7(9
x  x
i ADDITIONAL
B
. - N\ SPILLY
10 RN
. * COLUMBIA RI\
INVITATION
?\ Fosen ECKERLIN
' '
J - P - - poy r3 R W | Py




Ty T f{\,r-‘fr——~w-‘

e S

TN a w0 % 2\;

2 ] 3 S0’

U. 8. ARMY ENGINEER DISTRICT,

CORPS OF ENGINEERS
SEATTLE, WasHmETOR

ADDITIONAL UNITS & STRUCTURAL MODIFICATION
FOUNDATION REPORT
SPILLWAY (LEFT) GEOLOGIC PLAN

CHIEF JOSEPH DAM
COLUMBIA RIVER WASHINGT!

€ IMVITATION NO FILE WO, [DATE T

o g-51-6-57. | nov. 1087 |18

0868 ECKERLIN cun GEMBALA {3
PR

gl




Ty - —— - {*\" ‘C 'v v T T

NOTES:
L

65
=

AXIS OF DAM

2z

> o

BEDROCK CONTOURS WERE DEVELOPED FROM A REVIEW OF DATA FROM
THE FOUNDATION REPORT (NOV 1957) AND FROM FOUNDATION DRILLING
ACCOMPLISHED DURING THE STRUCTURAL MODIFICATION CONTRACT. (5
FOOT COUNTOUR INTERVAL.)

GEOLOGIC DATA IS TAKEN FROM FOUNDATION REPORT (NOV 1957) AND
FROM FOUNDATION DRILLING ACCOMPLISHED DURING THE STRUCTURAL
MODIFICATION CONTRACT.

JOINT PATTERNS ARE PLOTTED ONLY IN SUFFICIENT DETAIL TO SHOW
THE MAJOR SYSTEMS. MANY MINOR AND INCIPIENT JOINTS ARE NOT
SHOWN.

ON SLOPING SURFACES, JOINT AND FAULT PLANES ARE PLOTTED
AT THEIR INTERSECTION WITH AN IMAGINARY PLANE SURFACE
PARALLELING THE AVERAGE SLOPING TOPOGRAPHIC SURFACE OF
THE ROCK FOUNDATION. THEREFORE, THE STRIKE BEARING IS DIS-
TORTED, BUT THE DIP ANGLES ARE TRUE.

SEE PLATE 17 FOR ROCK TYPES IN THIS AREA .

LEGEND

INDICATE TREND AND DIP OF MAJOR JOINT SYSTEMS

%5 MINOR FAULT TREND WITH DEGREE OF DIP

475 ___ MAJOR FAULT TREND WITH DEGREE OF DIP

[ ] FOUNDATION DRAIN HOLE
A FOUNDATION UPLIFT PRESSURE CELL

® PLUMBLINE ASSEMBLY (EL. 767 TO 957).
READOUT STATIONS AT ELEVATIONS 770 FT. AND 836 FT.

RIGHT NON OVERFLOW

23+47A

57 5?7

P H

RIGHT TRAINING WALL




o
)

——20+03A

STILLING BASIN




16412A

ADDITIONAL UNITS & STRUCTURAL MODIFICATION

BPILLWAY (RIQHT) GEOLOQIC STRUCTURE

A WASHINGTON
%‘ﬁ'ﬁé@j ]
o €-51-6-67 | NOV. 1087 |16

FOUNDATION REPORT

CHIEF JOSEPH DAM

T

ex. ECKERLIN

o GEMOAL A waw

e & e

[ i e

okl Kl L e e

ot

i G G

Nk e v




—~yT———

~w

T W

SN

AR
SO

STILLING B
LOOKING UPS

. 7,
- )
% 7,
\ x
Z, 7 x x|z
% X x_ %X _|©
x x x X x|@
x x x x x |
XXxxXXXW
X & x x ox x5
\\xxxxxxxgm
X x 8 X oxoxox |7
x x X X X X x|
(&)
X X X X X X x|®
x
x
o

x A X X X
x X X
N X ¢ X
x x ¥
X X x x

TIVM ONINIVHL LHOIN




x

X \\\\e
X X

4 AXIS OF DAM

7
7

/

./

Z

x X ‘\ N
x l‘s\m,‘»f N

2L

_-First Cofferdam

X
x X X

_

Zi

x
X X

.

72

X

7

.

_

¥
&
SO

x

7

STILLING BASIN
LOOKING UPSTREAM

, Z
MATCH LINE TO PLATE 1

YVBOO 00 Axis of Dam
£ —
>
«
<«
©
=
> !
, ~
| chp J
J/ / N
S I

7777
=
AN

NOTES:

LEGEND

GRANODIORITE GNEISS

GRANGDIORITE

DARK SHISTOSE GRANODIORITE

LAMPROPHYRE

DRILL HOLES, CONSTRUCTION

ORILL HOLES, PRE-CONSTRUCTION

MINOR FAULT TREND WITH DEGREE OF DIP
MAJOR FAULT TREND WITH DEGREE OF DIP

|. DRAWING HAS BEEN MODIFIED FROM NOV. 1957 FOUNDATION REPORT.

2. FAULT STRIKES ARE DISTORTED, HOWEVER, ALL DIP ANGLES ARE
TRUE. ON SLOPING SURFACES, FAULT PLANES ARE PLOTTED AT
THEIR INTERSECTION WITH AN IMAGINARY PLANE SURFACE PARALLELING
THE AVERAGE SLOPING TOPOGRAPHIC SURFACE OF THE ROCK FOUN-

DATION.

U. 8. ARMY ENGINEER DISTRICT, SEATILE
CORPS OF ENGINEERS
SEATTILE, WASWINGTON

ADOITIONAL UNITS & STRUCTURAL MODIFICATION
FOUNDATION REPORT

SPILLWAY (RIGHT) GEOLOGIC PLAN

CHIEF JOSEPH DAM

COLUMBIA RIVER WASHINGTON
$1ZC [INVITATION 90, [FILE WU ~Toave PLATE
st g o % s o E-51-6-67 | Nov. 087 | 17
'ouu ECKERLIN Cur GEMBAL A SHEETY
s

Y

L

DU SIS N )




N

STRUCTURE

N
VR

Q BEDROCK OUTCROP

L

(]

LEGEND

-+

[4
'(

OR QUTLINE OF DEPRESSION

SUBSIDENCE SCARPS

LIMIT OF CORE WALL

EXCAVATION 1.5:1 SLOPE \

‘s
\

.
LA
-

+*
®

PIEZOMETER WITH NUMBER

SETTLEMENT MONUMENT

ROCK CONTOUR

4

5
o
oY

l

NOTE:

ROCK CONTOURS BASED ON

PHOTOGRAPHIC FOUNDATION EXCAVATION

AND EXPLORATORY DRILLING

300 FEET

200

100

SCALE IN FEET

Al e & - .n -




U. 5. ARMY ENGINEER DISTRICT, SEATILE
CORPS OFf ENGINEIRS
MATILL WASHING TON

FOUNDATION REPORT

‘CHIEF JOSEPH DAM

ADDIT. UNITS 8 STRUCT MOD.

“'JCOLUMBIA RIVER WASHINGTON
[

LEFT ABUT.- ROCK CONTOURS

Rett

18

St . A ~ B VO .. C e : B8 | SMIAlOn w0 | fal w8
[ B8 E-51-6-57 | NOV87?
‘ A ‘:L_‘Eu.. CRERLIN vﬁ*ﬁ Tl




TRENW g e vy

80 1000,

Y 276 -
880 3 Q
960 ~ Y 302
— .,
9
1
| A
| 2\
| A\
1
!
, + COLUMBIA RIVER +
-
| STILLING BASIN
|
|
| SPILLWAY
| T
POWERHOUBE

D |
T R B R TR B AR

INTAKE STRUCTURE

Q

+

N NON-OVERFLOW




\J
€ 2,204)000

“ __  — — RAUFUS WOODS LAKE

+

E z.zo_lFoo

+

LEGEND:

@ PIEZOMETERS

ONLY BORING LOGS 350,361, 352, 363, and 354
ARE INCLUDED IN THIS REPORT (APPENDIX C)

E 2.20_0#)0

+

k 4

(@

A e VU R .




- - g ———— gy

N
=

200 @

—Z—

_+_ N 367,000

+ + N 366,000

364

200’ 0 200" 400"
e fe———
SCALE N FRET

U & ARMY DNGINEIR DISTRICT, SSATTU
CORPS OF SNONERS

SRS WASHNSTON
ADDITIONAL UNITS AND STRUGTURAL MODWICATION
FOUNDATION REPORT

RIGHT ABUTMENT PIEZOMETERS
CHIEF JOSEPH DAM

S5 TR 1 e

COLUMBIA RIVER

BTN

kal’gu

€ 61-6-87 nov. 1087 | 10
000K EOKERLIN ow SEMSALA wan -

ey

’y

‘-‘ik-

U WS




>

vig+8l

o
v90+6}
o
b~
llllll RN
v55+61 _o Y
~ ©
«© /l
5 o
~
~
~
//
v¥0+02
~
vES+0Z
[=] ~
~ ~
vzoriz | |
o L.i
vig+te
/I
~—
< f._ ﬁ////
° T~al
™~
v00+22
W
@ -
W
P =
vey+z2 =
o~
v86+22 ~
~~
- =) ~a
~ -~
vivtET
: B~
5 | e -1
i - 2
o} ~ ~ ©
W

vou Ty,

ve0+t
Q
[+
viZtli L
2-1-284
2
@
L]
YOZ+Zh - - — - -
%)
w
vYO0+S 2] M_n._
> -~
b <| 2
2 o
~ <
™ (=Y %
v69+21 ol &
z|l ©
ol ©
YEG+S 2 <
8 g -
2 8
[T
<
3 gl 2
VBL4EL—— — Tl 3
a
Q
2
- v.10+9
N
VI9+EL—— - 0 P
H w
83
o
™ Vigrg———— <o
voLip)
-
™~
(-] //
- < S~
© ~ VG4 L ———
Tw W\
vSoa+vi s m s o e — e o -
—
«
L]
R W ) |
R V69+L
VLGl il
o
iy ™
~
VEZ+B
vED+S1 - ———— e
I, =~ ~ -
S« - In
e W ~ W S~
" ©
-~ — N
x—vB\l BRESE
veL+9tL ~

—

820

890—

860 —

830 —

800

770ﬂ

<~sbcj

940—‘

970

910—1

880—

850—




o W I p—— — Ty o o 2 — wrwvr'; - - — —r
1" . < v '
10 < 1 s 12 g 13 b1 14 < 15 <
o ? '3 p=4 ® o~ .
& 2 S £ ® WEIR E, M
® e ~ ¢
% = 4 © rno ]
. MEASURE SUMP DISCHARGE
/ / 7uif:1.'//7§ [ ;
; / f
4 /) /ﬁ/ N\ 730
sd Iy DRAINAGE
vl } GALLERY
67/ P ptct n
/
'
/ - = / — 700
/ _— - ‘
/ X’
/ e 60, 1'
/ ,I i
' T —670
MAIN DAM
& a g <
) o v 3 R FT FLOw p
6 * + EL. FT.
25 s 26 b= 27 e 28 P 29 30
| | 1 | ' rszo
|
\ ! | ( DRAINAGE
| | GALLERY
! !
1 .
| i | e e
| |
\ 1
AWEL i ;
. STAIRWELL | —860
l GALLERY ‘
‘ i
| 830 {
2R ;
i
800 TYPICAL GROUT AND DRAIN HOLE RELATIONSHIP ¢
DRAINAGE GALLERY E
i
. L—770 ‘
¢ ,.
/ | :
! ©
1 1 H
! 740 i
1 - i
78 \/
i
1
, r—7 10
o ’
~ A UPLIFT PRESSURE CELL EX SIZE HOLE
~ ~
~ NOTE: SEE PLATE 21 FOR LEGEND.
L4
o < N < < < «
& S ® ] ? e 5
s a0 & 41 P4 42 & 43 & 44 :._970
—o040
sg 50‘ g 2 3¢ 80’
SCALE IN FEET
—810
WEIR U.S. ARMY ENGINEER DISTRICT, SEATTLE
CORPS OF ENGINEIRS
. * SEATTLE, WASNINGTON

N

L gs0

ADDITIONAL UNITS AND STRUCTURAL MODIFICATION
FOUNDATION REPORT
MAIN DAM PROFILE OF DRAINAGE
AND ACCESS GALLERIES
CHIEF JOSEPH DAM
COLUMBIA RIVER

WASHINGTON
FILE NO DAt

PLATE
NOV. 1987 m

SI2E VITATION 8O

b E 51-6-57

oSGN

SmEEY

ECKERLIN o GEMBALA




—ar

e ——

T i T T
@ P o @ © o
<
ELEVATION a [ e 5 5 S pd
il > b hd 3 & 3 °
970— ¢ n -
9 8 A 1 2 3 4 5
k3 e swW sg sw se- sw SE sw e sw SE
A A A A A A A A A
940——
810—

EL. 890 GALLERY

880—

ss0—}

820——

790—

ELEV. 890 GALLERY PROFILE

FEET

970—

940 —

g810—

880—

850—

820—

760 —

ELEVATION

6+978

- W= ﬁ%\—Jc/ ’ :

B 1

1 [

S ' !

/ I
2 72\ TAN
/
ELEV. 848 GALLERY PROI
3 2 2 2 3
L] (-] '; +
1 ¢ 2 D 3w o 4 by 5 3
1L A A
A= | / = M- T

Ve

e

/

S

R
42 S

/

ELEV. 860.75 GALLERY
——




B ~ T T T T
@ o @
3 T 3 5 LEGEND:
S : by & e A UPLIFT PRESSURE CELL
n 6 7 5 v 0 S rero _DESIGNATED BY MONOLITH NUMBER AND
= DIRECTIONAL LOCATION
St S S N : S SE sy (SE - SOUTHEAST)
A 4 A A EL. 948 GALLERY
| 040 L LASER STATION
~
~ —_ MAJOR FAULT SHOWING DEGREE OF DIP
—e10 <7 MINOR FAU
- LT SHOWING DEGREE OF DIP
FTY=r—~=7 APPROXIMATE TOP OF ROCK
—880 =
—t— Z r———t
N By M EMN ETamn NN ; N2
\ b
,' vre \J 850
) \ 1 48
! vy
! Vg
| \ —820
85 :: \ \
1
, Tt
—790
GALLERY PROFILE
IYPICAL GROUT AND DRAIN HOLE
® RELATIONSHIP FOR INTAKE MONOLITHS 1 THROUGH 8
2 2 ~ @ ©
: 6 : 7 z 8 g 9 3
2 - T = 970
L EL. 960.75 GALLERY
LOOKING SOUTH
940
24—
!
910 DRAIN [} [] 10 18
r_ (HoLES . A
2 3 4 85w e 7
—e&o COLLECTOR PIPE
EL. VARIES
‘ 4 ] 7 UIDCEd Y ™ e
! ] v N\ 7 850
0\ 80\ 85 Y AN
h i | \ .
[} 1 ! \ \
! 1 ‘7— —820
/ ! ! V70 d TYPICAL DRAIN HOLE CONFIGURATION
i | ) \ AN FOR INTAKE MONOLITHS 1 THROUGH 9
] h ! \ \
' I
\ N L0

ILE
k 60.75 GALLERY PROFILE

U. $. ARMY ENGINEER DISTRICY, SEATTLE
CORPS OF ENGINEERS

SEATILE, WASNINGTON

ADDITIONAL UNITS AND STRUCTURAL MODFICATION

FOUNDATION REPOR

INTAKE MONOLITHS 1 - 9

GALLERY PROFILES

CHIEF JOSEPH DAM

T

SCALE N FEET COLUMBIA RIV WA
SIZE INVITATION NO FILE MO OATE PLATE
o Es1-6-67 | nov. 1087 21
| Z o BTN [o» GEMBALA e
R
R IR PO Y _—




v o g

—a /
z _Lm \
.4- —*
/
/
/
/
/
geS+LL W\\
2 z|q .
«© ’
rd
£ ”
]
- ~ d
Oy AN
>x w ST
w< /.
2w 8 ~
Wy ple ™~
geassl mm . \ _,y
w= £
—w 2
=<0 /
num \
o~ O
! Z«
n WM“ \
o5 g
Gao w
a>
Z
<5 \
801 +91 w W
gt ,
ze ® /
<
ﬂm \\
- 0% 4
) HM 4
@ 2 M\\
3 w
/
’
7/
L6463 L
’
E . -
g
S TR
w
-y
8.9+p1
WAL }
- 3
—
e P
o
b
‘ll
W
B164€1 =
W.‘¥‘ e
=
o
-
54 BCN
~
812+E} 2~

A

910——

880 ~———y

790~

760~——

ELEV. 948 GALLERY PROFILE

14

ageg+Li

13

v
=/
\
/\
83:7
ELEV. 860.75 GALLERY PROFIL

ece+9t
4

g0L+91

a.€+G1

12

8L9+¥1

34

1"

m%

QL6+E}

10

8i2+¢1

970

940—

810—

-

820—
760 —




v - N nd -’— -
ELEVATION
FEET
@ o 3
15 a 18 @ 17 P r—o70
© o 8
[ 3 sw T SE sw T SE swW !
A A A A A A | 8 p48 GALLERY ) T
2 =
—040
010
| —a80
= T 1 /
/s¢ ni= - - 4 ..
Y —8cn
N l’ l' /
AY t
. ; ! /
]
‘2\49 ' ; / TYPICAL GROUT AND DRAIN HOLE RELATIONSHIP
s '\I,‘ as‘,; AV 820 FOR MONOLITHS 10, 11, 15, 16, AND 17
\ / ' /
A !
1
.' / o
~
~
LOOKING SOUTH
—760
o ] 10 15
e
€L o SCALE IN FEET
are.s 87
COLLECTOR PIPE
EL. YARIES
@ [ gy -
2 15 @ 186 ° 17 2 =/
0 + + )
v T O NW N NV 970
—t A A A A L. 960.75 GALLERY
TYPICAL DRAIN HOLE CONFIGURATION FOR MONOLITHS
10, 11, 15, 18, AND 17
i —a40
o
|
; —810 GALLERY
‘ DRAIN
! |__e0 HOLE
GROUT
S HOLE
— By I-E-—J j*‘ Land
W& \” ! ‘:} , H , | _a50 TYPICAL GROUT AND DRAIN HOLE RELATIONSHIP
. /' " /’ FOR MONOLITHS 12, S-1, S-2, 13, and 14
\\ I/ ] /
. 1 ,
\
< ' ]
A X \“ ™ I; “Y ey — 820 3E g g g 30 sd
- \\ \ t
) ~Tx . / ! SCALE IN FEET
S e “~\ N 7
-~ L—700
S U.S. ARMY ENGINEER DISTRICT, SEATTLE
CORPS OF INGINEIRS
SEATTLE, WASNINGTON
ADDITIONAL UNITS AND STRUCTURAL MODIFICATION
FOUNDATION REPORYT
INTAKE MONOLITHS 10-17
GALLERY PROFILES
CHIEF JOSEPH DAM
LERY PROFIL NOTE: S8EE PLATE 21 FOR LEGEND LUMBIA RIVE WAsmr—eTouj
$re INVITATION NO FILE NO DATE PLATE
D E 51-6-67 | NOV. 1987
e B | woon ECKERLIN | o GEVMBALA Py
M CPU L COVI M N PTG DR RCY G d

~—

PR PRI

ettt e ———————eteaa




...n..“ r

te e

APO0ey

e - —-

- T
]
w S =
-, ‘
)
|
}
Vi j.
V4
V4
T’
[ 3 /
4
ll
INTAKE MONOLITHS EL. 948 GALLERY
r'a
V4
7/
I
’
4 ’
/ Vs
ay &V
7/
’
’
’
MTAKE MONOLITHS EL_ 880.78 GALLI

¥ < RN

AR Sy

] N
{ ') q F AVORIE
T
A
y - “ <4 / W <
| L] - ] ATOIE
L 8 Paiad T
, § < “ S < j .T ~m——
L w7 ®
1, Ui -
[ %11 L \-1\-
e » .\\ \W\\ Aviens
wv\\l\l”\ |\I.ltwal-l|l g
& \ 4 W \\\
8 =
Ne "T\ -7 B
, [ 137}
T
\y ! < / *

Ee .
L ]
AROOH

1 R \. ¥y <

Jr\,\:
cs
: "

L
c-4
4] 9

LTy \
'l “‘
ae ! ]
\ n AVEIeL
prosens ] - - 2 El . ©
| - = :
L] Pl v.I ' =
w01 = 2 \\\\ Avoeee
LR | 1 T\ g -
| ) -~ H
; . \
D) 4 T y%.
| S

40—
%0 —
00—
o—
R0
00—

-]
oo
s70-] WER
sso—

INTAKE CLOSURE MONOLITHS

T W e A Lt

.
. g e
(SR




ELEVATION
F E = g [ g - ! FEET
sw oo e swal sws & ~
AS a A Y A A *| o0
EL. 848 GALLERY
—e20
—e80
- = ] —se0
\
\ / )\r‘
‘\ /’ / [}
\ / / / |
/ ]
\ A, /
AN . ! / EL. 884
Ve w7 e ey \V
. 948 GALLERY \ Y .-y - y —es0
/ /
/ — 770 DRAIN HOLE
” ) ™ ”
'A' [ 970 GROUT HOLE
A L EL. 960.76 GALLERY "
i TYPICAL GROUT AND DRAIN HOLE RELATIONSHIP
| o0 FOR INTAKE MONOLITHS 18 THROUGH 27
1 —910
f LODKING BOUTH
4 v »
| IV WS W— |
2
- - [ % 1 BEy. , SCALE W FEEY
g / [ —es0 34 °
) ’ ’ !,
7 l’ I' oy
< ’/ / "/7 / OLLECTOR PIPE
v —C 820 (ELEVATION
“% bl i / - ; YT VARKES)
) I is S0 5
, ’ ' /
o0
/ /
/ TYPICAL DRAN MOLE CONFIGURATION FOR
WTAKE MONOLITHS 18 THROUGH 27
' QLEVATION
FEET LESNED
— UPLIFT PRESSUNE CELL - DESYONATED BY
F_y ONOUITH MUMBER AMD DINEC TIONAL
LOCATION (SE - SOUTHEAST)
| —oew
——
[IeaiLeny MAJOR FAAT SHOWING DEQREE OF DV
——t
-—s70 rmece-== WNOR FAULT SHOWNG DEGREE OF DP
6. S ARMY ENGINIER DISTRICT, SEATTU
} DRAM conPs Of INOINIIRS
nOuE 7~] APPROXR4ATE TOP OF ROCK Ssaris wagmiweron
oo . JADOITIONAL UMTS AND STRUCTURAL MODIFICATION
(Y LASER STATION FOUNDATION REPOAT
- P MNTAKE MONOLITHS 18 - 27 AND CLOSURE
"ROUY AN %:h WALL GALLERY PROFILES
o m'c”n : SuZ A o8 SCALE 0t FEET CHIEF JOSEPH DAM
JELATION 28 CLOosuRE Secy OLUMBIA RIVER WASHING TON
Bt ] WOTATORRD ] FnE 40 BATE AL
s D € 51-0-87 | nov. ve? | 23
osoe  GOUSSLW on  GEMBALA il
' 4 ‘ t-——--—-——--}




-

T we e TrET— ™

Liaaunma- ol SR

27N

APPENDIX B

.,r:y&gﬁ

CONSTRUCTION PHOTOGRAPHS
TABLE OF CONTENTS

mehou:e, 1974
Cotferdam Enclosure, 1976

- Penstock Slots 21 Through 27
Excavaﬁiqn for Units 20 Through 27
Service Deck Piers

Aerial View, 1978

Ty

&

TNt T r

B~2 Through B-17
B-18
B-19 Through B-24
B-25




Penstock openings prior to additional units construction (Aug. 1974)

Cofferdam enclosure looking downstream (Feb. 1976)
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View of west side of penstock slot 21 showing service deck pier resting on old
bridge abutment concrete. (Feb.76)

Clean-up in progress for powerhouse bay 21 (Feb. 76)
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West side of penstock slot 22 (Feb. 78)
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Penstock siot 22 (Feb. 76)

Penstock slot 23 (Feb. 78)
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East of side penstock slot 23 (Feb. 76)

East side of penstock siot 23 showing service deck concrete forms (Feb. 76)
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East side of penstock slot 24 showing service bridge pier forms (Feb. 76)
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West side of penstock slot 24 (Feb. 76)
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NEESant AR 4nd

East side of penstock slot 25 (Nov. 75)

East side of penstock slot 25 showing service deck and pier forms (Feb. 75)
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West side of penstock slot 25 (Feb. 76)

ot

Penstock slot 25 (Feb. 78)




East side of penstock slot 26 (Nov. 75)

East side of penstock slot 26 showing service bridge pier forms (Feb. 76)
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West side of penstock 26 (Nov. 75)

West side of penstock 26 showing service deck concrete piers (Feb. 76)
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Penstock slot 26 (Feb. 76)

Penstock slots 26 and 27 (July 76)
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Penstock siots 24-27 (right to left) showing service bridge pier forms (Feb. 76)

Penstock siots 21-24 (right to left) showing service bridge pier forms (Feb. 76)
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View looking west of service deck pier forms founded on bedrock “Dragon’s
Teeth” (Feb. 76)

View looking east of Dragon’s Teeth and right side of penstock slot 27 in
foreground (Feb. 76)
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East side of penstock slot 27 (Nov. 75)

L ’ a‘n‘h‘«. e :“’“ .
A

East side of penstock slot 27 showing service bridge concrete pier (Feb. 75)

B-15




Slope below intake structure at penstock slot 27 (Feb. 76)

B-16
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Waest side of penstock siot 23 (Feb. 76)

West side of penstock slot 23 (Feb. 76)
Note lamprophyre dike below forms
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TjCHEFJQSﬂ’:LQAM - . PROJECT COLUMBIA — __RIVER

DEPTH OF HOLE_ 82,6 _ .. _ OIAMETER OF HOLE 6" QB 8 NX inrock_ _ _ _

DEPTH OF OB. __63.0__ _ _ DATE STARTED_ _ 24 March 1967
ROCK DRILLED___24.8 __ __ DATE COMPLETED_ 4April1%7
% CORE RECOVERED 100 _ __ __ CONTRACTOR _ _ _ _teof DrillingCo. _ _ _ _
N 365,909
SURFACE EL 810.4 HOLE NO s7<p-307 E 2.9 99
GRA €
m % |DESCRIPTION OF MATERIALS REMARKS
810.4 LOG
3 Silty Sondy GRAVEL w/numerous 6" Casing to rock
] cobbles & boulders
om
001.4 10 3
799.4 14 | SAND, fine, gray
a Silty Sandy GRAVEL w/numerous cobbles | Boulder at 18 to 18"
= & boulders depth
-
20 :E GM 1
n
.
785 .4
3 Silty Sondy GRAVEL w/occasional
01 I | cobbles & boulders, gray
e
-
© 3
p 1 ,
3 GM Woter level 38.1
-
-
]
-
3
—
—
;g; :: = Bl SAND, fine to medium, groy
160 I }SAND, fine, gray
- b 4 -
745.4 :“7=\m Top of rock _65.0'
s () NX casing to 66.0'
70 - GRANODIORITE, medium to coarse~
pu N ’\ groined, light-gray, hard
= = . No core lass
.7 Most joints ot 0.1' to 1.0" intervals w/ | 100% water return
" ) i\ horizontal to 60 degree dips
LEE
= A
3/
9% ? VA Y4
720.8 : Sottom 89.6'
3
3
c-1

efeem————— e ——
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T_ _CHIEF JOSEPHDAM _ __PROJECT _ _COLUMBIA _ _ _ ___ ___ RIVER ]
DEPTH OF MOLE_ _ _ 137.6 _ _DIAMETER OF HOLE 6"O8 & NX inrock _ _ _ _
DEPTH OF O'B. _ _ _ 110.0 _ _ DATE STARTED_ _ _16Moarch 1967 _ _ _ _ _ _
ROCK DRILLED_ _ __ ¢ 27.6 _ _ DATE COMPLETED. .23 Morch 1967
% CORE RECOVERED _ 98.6 _ _ CONTRACTOR _ _ _ _Leof DrillingGo. _ _ __

N
SURFACE EL gy ¢ HOLE NO 47-cp-s E 275 ‘
GRA
S % | DESCRIPTION OF MATERIALS REMARKS
Lo6

7% gravel rood surface
4" casing to rock

.llllllJl

10 Sandy Silty GRAVEL w/cobbles &
3 bouiders, gray
Jom
20 3 I
-
-E (decreasing cobbles & boulders below 28')
2 3 1
-
-
-
-3
3 Water leve! 39.3"
w -
3
0 ]
7408 | 3
% Grovally Silty SAND, gray
e R 101
-l
n
pe
e
-
-
L.
- I

Boulder ot 90' to 91' &
at 95' to 97*

3

Materiol runs up in
cating 7' w/cosing
@ w7

llllllll

r—
g
e
|

—— e — ——
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ﬂ; 35,825
JSURFACE EL 809.8 HOLE NO e7<p-208 g ;39113
GRA [CORE ]
l&g IC| % [DESCRIPTION OF MATERIALS REMARKS
M LOG
-
3 _ :
e R Gravelly Silty SAND, gray
702.8| 3
699.8 110 {GM I |[Silty Sandy GRAVEL
- \/ Top of rock 110.0* NX casing to 110.4°
= ~N GRANODIORITE, coarse-grained, green
- !// gray
=N Minor gouge at 111.3'
‘20- \ / Ieregular slickensides at 117.0* Core loss 0.3' at 121.3
) Stightly altered zone, 119.9' - 121.3' by grinding. 100%
, woter return
-] \’7 GRANODIORITE, gneissic, medium to
:?/J coarse-grained, green—gray, hord;
130 4 several small pegmatite veims
34
= /// Most joints at 0.3' to 2.5’ intervols
—] \[\ w/horizontal to 80 degree dips
672.2 = X
140 Bottom 137.6*
-3
n
3
=




PROJECT _ __ _COLUMBIA

RIVER

DEPTH OF HOLE_ __140.0 _ _DIAMETER OF HOLE

DEPTH OF OB. _ __114.0 _ _DATE STARTED_ _ _'OMorch 1967 _ __  _
ROCK DRILLED____26.0 _ _DAYE COMPLETED_ 4April19%7

% CORE RECOVERED_ 98.4 _ _ CONTRACTOR _ _ _ _Leof DrillingCo._ _ _ _ _

SURFACE EL g99.9 HOLE NO 67CD-309 € 2,291,060

REMARKS

6" grave! rood surfoce
6" casing to rock

Water level 34.3'

Material heoved 6’ while
driving casing. Boulder
at 94' 10 95.7°,

% | DESCRIPTION OF MATERIALS
LoG¢
3
3 Sandy GRAVEL (coarse) w/silt &
pe GPm occasional cobbles (12%), dense, gray
109
797.9 -
—om Silty Sondy GRAVEL (coone) w/
3 occasional cobbles (8*), derwe, groy
p
789.9 F = T [Silty Sondy GRAVEL (conrse) w/
3 occasional cobbles & boulders, (16"),
- loose to dense, groy
-
301 1
Jom
40 3 :
3
-
-
=
lso_]
-
751.9 po
1 {SAND (medium) w/silt, moist, brown
]
-
_:sr-sw
741.9 b7 3
- Silty Sandy GRAVEL (coorse) w/
< occasional cobbles (12%) gray -brown
=
Jom
pn
% ]
3
714.2 3
4. -]
Jom Silty Sondy GRAVEL (coorse), loose,
710.9 11007 we. Oy
. sP X SAND (fine), wet, gray




SURFACE EL gg9.9 HOLE NO 67-co-309 LT
GRA [CORE
A MIC % [DESCRIPTION OF MATERIALS REMARKS

707.9

P

695.9

669.9

SAND (fine), wet, gray

Silty Sandy GRAVEL w/numerous cobbles
& boulders (24")

Top of rock 114.0'

5

llll 1ii Llul“ 1
Q
z

GRANODIORITE, fine to coarse -grained

ltllllll

llLlllll Alj‘_llLJl J_Lllllll

IR SIS NP ITTY

. l/7 light-gray, medium hard to hard.
>~ Most joints ot 0.5' to 4.0" intervals
N/ w/horizontal to 70 degree dips; ofl joints
3 , / slickensided w/minor chiorite alteration.
J
RPN
N ¢ fip 60 4
P (Y Ay R
= LAMPROPHYRE, fine grained, dark hard
w0 NN GRANODIORITE m chove

NX casing to 115.0"

100% water return,
brown from 115.0-118.0

Core loss 03 0.4' stub in

Bottom 140.0

bottom of hole




IL" CHIEF JOSEPHDAM__ _ _PROJECT _ _COLUMBIA ——~-RIVER
DEPTH OF HOLE_ _ _88.4 _ _ _DIAMETER OF HOLE 6" OB & NX inrock_ _ _ _
DEPTH OF O8. _ __62.0 _ _ DATE STARTED_ _ 7March 1967 _ _ __ __
ROCX DRILLED.__ _26.4____ _ DATE COMPLETED _16 March 1%7 _
9% CORE RECOVERED_ 100 _ __ CONTRACTOR _ _ _ leof DrillingCo. _ _ _ _

365,618
SURFACE EL 4, ¢ HOLE NO s7cp-310 € 2201260
GRA |CORE
Pons| c| ® [oESCRIPTION OF MATERIALS REMARKS
3 GM Sandy Silty GRAVEL (coarse) gray &" gravel surfacing
808.0 3 6" casing to rock
E SAND (fine) w/silt, gray
10
psm 1
796.0
< |Sandy Silty GRAVEL {coarse) w/
oc H ] Ry (6“), s p %' gfﬂy
GM
E
779.0 Water level at 33.0'
SAND (fine) w/silt, brown
1
sr-s»ﬁ
1

752.0
750.0

723.6

] F F ]3
llllll:Flllllllllsllllllll lllllll JlLllll]:Llllll .lllll AL .llllllll All lllll

Sondy Silty GRAVEL (c t
Top of rock 62.0'

GRANODIORITE, medium grained, light
gray, mod. hard to hard

Joints ot 0.1 to 1.5’ intervals w/
horizontal to 60 degree dips, most joints
slickensided.

ill !
NX casing to 65.4'

Water return 100% to
80.0' & 80% below

No core loss

[

F




CHIEF JOSEFH DAM PROJECT COLUMBIA RIVER

DEPTH OF HOLE_ _ _113,0_ __ _DIAMETER OF HOLE 608, & NX inrock __ _ _

DEPTH OF 0.8. _ __ 550 _ _ DATE STARTED_ _ 3lMoy 1967 __ _ ____
ROCK DRILLED___ _58.0__ _ DATE COMPLETED_ !5June 1967 _ _ _ _ _ _
% CORE RECOVERED _ 100%_ __ CONTRACTOR _ _ _ _leof QrillingGo. _ _ _ _
N T512
SURFACE EL g)0.2 HOLE NO &7cp-3n € z‘;?)?.oog
GRA [CORE _
[rions| ic| % |DESCRIPTION OF MATERIALS REMARKS
810.2 | H |LOG 2
PR BOULDERS & COBBLES w/silty sandy | 6" cosing to rock
805.2 > o8 gravel, loose, dry
3 Silty Sondy GRAVEL w/occasional
800.7 |10 oM 1 cobbles
3 Silty SAND (fine) loose, dry, tan
qsm
7321 3
0 ‘:'“g* ; |BOULDERS & COBBLES w/silty sandy
789.2 CGI: | gravel

N/ \Silty Sandy GRAVEL, loose, domp
Silty SAND (fine) loose, brown

SM

Water level 37.5"

772.2 SM I |Silty SAND (fine) w/occasional gravel

SM Silty SAND, loose, brown

Top of rock 55.0°

3 Ii! ] F 3
Lllllll llLlLLl lljlllll llllllll il Llllllll A b ljlll .lllLlll

755.2

\/\ NX casing to 55.2'
/// GRANODIORITE, medium to coarse

- grained, light gray, hard No core loss.

O Few minor oplite ond pegmotite veins,

\ / hard
|/ Most joints at 0.2° to 3.0 intervals w/

- 0 degrees to 90 degree dip

7\ Minor slickensides on joints at 66.7, 67.1| Inflow test 58 .0-70.0
\/ 73.7, 77.3, 79.0, 81.0, 90.0, 97.8, { No inflow at 50/

108.8 Inflow test 68.0 - 79.0

1/ Inflow 0.03 CFM at 607
>~ Inflow test 77.8 - 88.8'
\ / No inflow at 70¢

2

AN
‘/'\',:,"\ Lomprophyre dike, fine -grained, dark-

VA gray, hard, contacts dip 45 degrees Inflow test 88.8'- 104.0
:\/\"\\, No inflow at 607
N, N
A4
100
c-7

S e v ————g——— -



SURFACE EL 0.2 HOLE NO s7<p-3n 2 23,02
cwa] | |GR [CORE
T ic| % |DESCRIPTION OF MATERIALS REMARKS
L |Loe .
I N
TN GRANODIORITE as above
3N
110 %
N
/\
697.2 Bottom 113.0
.
=
]
.
.
3
3
]
I
-
=
=
3
|
c-8

s




SURFACE EL 4, 5

HOLE NO ¢7cp-312

E 2,291,210

GRA
ENel B Ipwic DESCRIPTION OF MATERIALS REMARKS
811.3 LOG
5 Silty Sandy GRAVEL (coarse), gray 2" Asphalt pavement
- at surface
—JcM 4" Casing to rock
802.3 10 3
. SAND (fine) moist, gray
- SP
79%.3 | =
4GM Silty Sandy GRAVEL, gray
793.3 P
- SAND (fine) moist, gray
3sP
30 SAND (fine), w/occosional grovel, groy
Jsep
3 SAND (fine)
40 1sP
767.3 | 3 Top of Rock 44.0'
3N/ GRANODIORITE, medium to coorse- oo —————"—
3/ é grained, lightgray, hard. cpsing fo 49.
50 AN . . R No core loss
/\ Most joints at 0.2 to 4.0' intervals
47~/ A . 1009% water return
n w/horizontal to 80 degree dips
127 In Flow test, 49,3 - 60.
-]') No inflow ot
1/
60 1 —
3 // Inflow test, 59.1 -70.3
@-1 \// No inflow at
_\-'h In flow test 66.9 - 781
70 // No inflow at 70#
/N
A%
<\ 7N\ In flow test 76.7 - 87.9
- ;',“:'\\/ Lamprophyre, very fine—prained, dork, | 0.03 CFM at 8ol
—m—_: //"I’\/ hard
= AV GRANODIORITE as above Inflow test 85.9 - 101.1
1//\ 0.27 CFM ot 807
37/
90 { ™~
3\/
/7
/'~
3/~
iy V4

5

' s




N 365,512

il

SURFACE EL g11.3 HOLE NOé7<cp-ai2 € 253302
GRA
S IC| % |DESCRIPTION OF MATERIALS REMARKS
N L0G
IN GRANODIORITE as cbove Inflow test 99.0 - 110.0
= / // No inflow ot 80/
i~
1.3 eI\ 7/
3 Bottom 110.0°
3
7
E
3
4
3
=
3
3
=
p
3
3
3
c-10




— CHIEE JOSEPHDAM _ _ _PROJECT _ COLUMMA _____ - RIVER
DEPTH OF HOLE___110.8__ _DIAMETER OF HOLE 6" QB & NX inrogk _ _ __
DEPTH OF 0.8. ___ 43.0_ _ _ DATE STARTED_ _ 22Mach I%7 __ ____
ROCK DRILLED____67.8 __ _DATE COMPLETED 29 Morch 1967 _ _ _ _ _
% CORE RECOVERED_ 98,5_ _ _ CONTRACTOR _ _ _ leof Drillina o — — __
SURFACE EL 1.9 HOLE NOe¢7<p-313 £ L2533
TRA
I%gxg ’r«c % | DESCRIPTION OF MATERIALS REMARKS
811.9 | 4 |LOG

L

4" Asphalt pavement
w/12" graval subbase

Gravelly Silty SAND, gray ot surface .
‘ 6" casing to rock

albl

s
w
z

-
3
793.9 20 1 I [Silty Sandy GRAVEL w/occasional
J6M cobbles
-
787.9
E coBs ICobbles & boulders w/silty sandy graval
0]
< BLDRS .
m.9 b Water '.V.I 31 .6
— Gravelly Silty SAND, gray
) : M
bes.s | 3 43.0°
=4 GRANODIORITE, medium coara- NX coning fo 43.6
3 I// grained, light-gray to gray—green, hard || fiow test “'g‘;‘é‘"
0 0.03 CFM ot
\/ Most joints at 0.3’ to 6.0' intervals
po \ w/horizontal to 80 degree dips
a7 Al joints slickensided w/chlorite coatings
-
w0 37\ Inflow test 63.0 - 74.0
3 \/\ No inflow at 607
— l/[ Pegmatite, 1' wide, ot depth 66.0
i -
n \/ inflow test 73 5 - 84.5
4/ / 0.05 CFM ot 80/
b= Core losses of 0.3'
= /\\ 0.5' by grinding at 74.0
I\ 4 GRANODIORITE GNEISS, 1' wide ot |5 780
.Q_:// 79" depth, fine grained, durk -gray, hard, .
N~ contacts dip 15 degrees Inflow test 83.2 - 94.0
= ’ // No inflow at 807
ER
9 7 \4 IGRANODIORITE os above
o //\
3 /\ Inflow test 94.1 - 110.8
00 NN\ No inflow ot 80

|




e o ol Saaihaiiil 4 2 Jannd o Ml A i i’ ainabe of

-y

SURFACE EL g11.9° HOLE NOs7<p-313 E 203,31
GRA
3 Ic| % |DESCRIPTION OF MATERIALS REMARKS
§ |Loe
N/ GRANODIORITE s above
/1
1>
%
701.1 ~
3 Bottom 110.8°
]
3
3
3
p
c-12




—r— T AN 2. A

r— . —
CHIEF_ JOSEPH DAM PROJVECT COLUMBIA RIVER

—— T T e —— . —— — - — e — - o - -

OEPTH OF OB. _ __ X.6_ _ _ DATE SYARTED_ _ 25May 19%7 _ _ _ _ _ _ _
ROCK DRILLEO___ _61.2 __ _DATE COMPLETED_ 7 June 197 _ = _
% CORE RECOVERED__ 99,0 _ _ CONTRACTOR _ _ _ leof Drilling Co, __ _ _ _
_ N 365,458
SURFACE EL 9.8 HOLE NO67-cp-314 B oo
s me % 1DESCRIPTION OF MATERIALS REMARKS
LOG r ﬂ
3
3 6" casing to rock
—JGM Silty Sandy GRAVEL
8018110 {sm Silty SAND (fine), fan
798.8
_: Silty Sandy GRAVEL, gray
JGMm
b=
P
= I
o
-
704 .8 - Water level 24.0'
- Stlty SAND (fine), locss, tan ’
! 0 Jsm
1 40 1
\ 3
" ;gg-: Ysm Y = [Grovelly Sitty SAND, gray e
: Iz k .6'
:///\/’ Top of Roc % NX casing to 51.4
. < GRANODIORITE, medium to coarse -
L -1\/ grained, light-gray, hard; trace Water return 100%
4N\ A .
01/ - foliotion at 30 - 40 degree dip
:54\
3 \"‘/ Joints at 0.T1" to 4.0’ intervals w,20 to Inflow test 54.2 - 67.2
L PAAN 80 degree dips, many joint slickensided | 0.11 CFM at 60f
r N & chioritized
70 - //\ Inflow test 67.2 - 79.7
3\/ 0.11 CFM at 80/
N~
— \ 1/16" 1o 1/8" gouge at 53.2, 61.8,
] /\// 47.2, 89.2,89.6, 103.0 & N1.0 Inflow test 76.0 - 87.0
801/ / No inflow ot 80
17>
=
- A
I~
w1,.<
4 Inflow test 85.3 - 1003
a‘f<: Neo infiow ot 807
-— \//
{ 37>
t T LA

Cc-13
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lsunucs EL 809.8

HOLE NO 67<p-314

I

0.7' & stb

GRA [CORE
h}&‘,\, E me % |DESCRIPTION OF MATERIALS REMARKS
L [Los
N GRANODIORITE os above
=N
- S~
LAMPROPHYRE ined, deck
] [ / ay, mod. MJ,&*‘M/UV‘N
4698.0 :"\T'\" i Core
3 Bottom 111.8'
120]
3
3
3
]
3
=
-
c-14




N

HOLE NO 67cp-315

N 365,457

SURFACE EL 40 ¢ £, 5y
r E an % | DESCRIPTION OF MATERIALS REMARKS
810.8 Lo¢ r__q
007.8| Jom |  [silty Sandy GRAVEL 12 Asphalt concrete
-_ af surface
L 6" casing to rock
10 3sm Gravelly Silty SAND
- I
e8| 3
— Silty SAND (fine) locse
20 Ism
7.8 Jom Silty Sandy GRAVEL w/cobbles &
782.8 X0 { M 1 | Gravelly Silty SAND
780.8 A
- sm Silty SAND, lose, tan
-y
771.8 | 40 1
3 Silty Sandy GRAVEL compact, dry,
3 oM groy
764.3 4, = :
- /\ Top of Rock 4.5 NX casing to 47.1
GRANODIORITE, med. to coorse- 100% water return
/ \ grained, light-gray, hard No core loss

73%.9

/7
\ \”

Joints at 0.2 to 2.0° intervals w/
horizontal to 85 degree dips
Slickerwides 55.9, 56.7, 58.2, 59.3,
61.0

fine -grained, dork, med. hard

|/ SCHIST, biotite, homblends —rich '\

llllll -llllllll]sllll PAIA[JAII SllllllllS
/ ~\
<

GRANODIORITE os above

Bottom 74.0'

=
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Top of Rock  30.0*
GRANODIORITE, medium to coarse-
groined, light-gray, hard.

l.loinh at 0.1' 10 2.0" intervols w/

horizantal to 85 degree dips, most joints
show trace to definite slickemsides

[Troce gouge in broken zone, 73.2°

MPROM YRE DIKE, fine grained,
rk, mod. hard, horizontal contachs

ODEPTH OF 0.8. _ __ 3 30.0_ _ _DATE STARTED_ _ 29Morch 1%7 __ _ _ _ _
ROCK DRILLED___ _79.5 __ _ DATE COMPLETED. 7 Apil\%7 _ _ _ _ _ _
% COME RECOVERED _100_ _ _ _ CONTRACTOR _ _ _ _leof QrilliaGo _ . _
W %5,459 |
SURFACE EL ) 5 HOLE NO s7cp-316 E_ 229 244
m % | DESCRIPTION OF MATERIALS REMARKS
g11.8 | W [LOG H
3 Silty Sandy GRAVEL w/occasional cobblef 3" Asphalt pavement
] GM & boulders .U ot surface
804.8 - 6" cosing to rock
10 3 T [Silty SAND (very fine)
-
sm
20 3 1
Water level 27.7°
e ! | Angulor moterigls |

NX casing to 30.7

Water return 100%

No core loss

Inflow test 34.9 - 45,9
No inflow at 40f

inflow test, 44.4 - 55.4
No inflow ot 50/

inflow dast, 54.0 - 65.0
inflow 0.01 CFM at 60¢
Inflow test 63.8 - 74 8

Inflow 0.03 CFM ot 70/

Inflow test 74.4 - 86 .4

inflow 0.03 CFM ot 80/

Inflow test 84.7 - 99.7
Inflow 0.05 CFM ot 80/

3
o101
~N2e
<

lllll
!
P

IGRANODIORITE as above

?l Ll
N
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T W =

X

| |
SURFACE EL 4)).6 HOLE NOs7-co-316 A
GRA
F‘f&%‘ E lmc % |DESCRIPTION OF MATERIALS REMARKS
L0G

11

GRANODIORITE os above

tnflow test 98.5 - 109.5
No inflow ot 80/

702.3

TR ITTTE WTTR TN
\

llllllll

llllllll

llJllll

1lllJLll

uhogdanlou

b ool loabig

Bottom 109.5




SURFACE EL g811.9

w

12k

HOLE NO s7<cp-317

_ _ _CHIEF JOSEPH DAM _ _PROJECT _ _COLUMBIA __ _______RIVER
- |
DEPTH OF HOLE_ __59.8_ _ _DIAMETER OF MOLE 6" OB & NX inrock_ _ _ _
OEPTH OF O.8. _ __34.0_ _ _ DATE STARTED_ _ 28March 1967 _
ROCK DRILLED___ _25.8 __ _ DATE COMPLETED. _10April 1967 _ __ _ _
% CONE RECOVERED_99-6 __ _ CONTRACTOR_ _ _ leafDrillingCo. _ _ _ _
N %51

€ 2,291.316

DESCRIPTION OF MATERIALS

REMARKS

11,91 4
-
Silty Sandy GRAVEL w/cobbles & Lawn ot surface
3 GM boulders (24%), groy 6" Cating to rock
7 Boulder ot 3' to 5' depth
802.9 {10 3 I
3 Silty SAND (very fine)
-q
| 20 1
3sm
—5 Water lavel 26,5
-
777.9 _: Jop of Rock 34,0
3 AN / GRANODIORITE, med. to coone NX casing to 34.6'
> /) grained, light-gray, hord
\
j_‘ —
3 \/\ Joints ot 0.2' to 1.5' intervals w/
—'./ horizontal to 80 degree dips, all joints Water return 100%
3 \"' \ 'slickersided and w/trace of chiorite
0 1 / coatings
3/«
I\
=5 LAMPROPHYRE dikes, fine -grained,
R4 dark, hard from 55.5 10 36.9 8 58.3%0 | Core loss 0.1' as stub in
752.1 60 &8 59.8, contacts 20 degree dip | bottom of holy
4 Bottom 59.8'
]
-y
-y
-
-
-
——
e
3
-
-
3
cC-18




ey

_ _CMSF JOSEPH DAM_ __PROJECT __ COWMNA ________mver |
OEPTM OF MOLE_ _ _ 11,8 _ _ DIAMETER OF HOLE 6" OB & NX inrock _ _ _
DEPTH OF 0.8. _ __ _: 29.0 _ _ DATE STARTED_ _ 27 Morch )97
ROCK DRILLED_____ 6 84.8 _ _ DATE COMPLETED_ 18 April 1967 _ _ _ _ _
% CORE RECOVERED_ 99.5_ _ _ CONTRACTOR _ _ _ _leof DrillingGo. _ __ _ _
— -
SURFACE EL 3);.3 HOLE NO s7<p-218 E 2200 |
s % |DESCRIPTION OF MATERIALS REMARKS
1.3 LOG T ﬂ
Silty Sandy GRAVEL, gray 6" casing to rock
GM
3
794.3
I {SAND (fine) w/occasionai grovel, gray
sp
782.3 2.0
< / GRANODIORITE, medium to coane= | NX casing fo 30.4"
ined, light , hord core loss 0.3’
/ \ To‘:l.m at Oﬁ" Z?O' intervols w/ . WG:.r retura 100%
] horizantel te 8) degree digs, mast jolats |} 010 100 34 .5 - 47.5
!\ show trace to well <developed slickensides| | " o
Ny A !“ !'f hol o inflow ot
\/\ LAMPROPHYRE, fine grained, dork, "f""?:'{«"' "‘;;57"
//{ mod. hard, contects dip 30 degress © intlow a
\\ / GRANODIORITE o of 33.0'
/, Inflow test 55.0 - 66.0

No inflow at 607

YA LAMPROPHYRE os above
Nl GRANODIORITE,, fine to medium- Inflow test 65.0-76.0
\//\," groined, derk to medium groy, hard, No inflow ot 807
//\ trace to moderately developed foliation
and bonding, few thin pegmatite and
oplite veine. Veins and foliation dip
15 degrees to 30 degrees Inflow test 74.6-85.6
inflow 1.7 CFM ot 804

~

/

7 N\~
\\}‘

2 -
l]llll AJM]JUAPI“IMH 41 [y IEulJLulPAuIML] ?u ]11_41F Jllllllkl n[uj;EuxhuL
U

A /\ but presure duration test
| negates inflow.
P
2\ Inflow test 83.8-94.8
V72 /4" soft zones at 83.0' & 83.7"' w/ No inflow ot 807
;f/ 30 degres dips
N/~
/. Z
pyo Inflow test 93.4-105.;4
A Inflow 0.11 CFM at
100 {~7\] ]
Cc-19
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iSURFACE EL 811.3 HOLE NQé7cp-318 _g 2, 8738

GRA [CORE

k‘-&“s‘ IC| % |[DESCRIPTION OF MATERIALS REMARKS
LOG

Sz
= Inflow test 102.8 - 113,
N GRANODIORITE, medium to coarse
_ grained, lightgray, hord Inflow 0.13 CFM at 807

-\

\ < Core loss 0.4" as stub in
ore loss . as 8 ]

//\ bottom of hole

Bottom 113.8'

697.5

5 x
lllll_l_l Llllllll ‘lllllll] llllllll Allllllll ALllLlll llllllLl llllllll Ll_llllllbllll 111 ,llllll I




—
— CHIEF JOSEPHDAM _ _ _PROJECT _ _COLUMMA __ ___ __ __ RIVER
DEPIH OF HOLE__ _108.1 __ _ DIAMETER OF HOLE 6" OB & NX in OB & rock _
OEPTH OF O.B. _ _ _ 36.8 _ _ DATE STARTED_ _ 27March 1967 _ _ _ _ _ _
ROCK ORILLED__ _ _ 71.3 __ _DAYE COMPLETED. 24 April 1967 _
% CORE RECOVERED_ 99.6_ __ CONTRACTOR _ _ _ lsaof DrillingGo. _ _ _ _

N
SURFACE EL g9 , HOLE NO ¢7<cp-319 E 239745 J.
G
s E c| % [OESCRIPTION OF MATERIALS REMARKS
810.1 [ 4 [LOG
3 2" Aspholt surfacing
3 Silty Sandy GRAVEL, loose, gray 6" casing & chumn
- (Probably fill) Drill hole to 17* depth.
3 NX casing reaomed to
M | « 27.0" depth
.
-
-~
_:"' Hole advonced w/NX
793.1 Bit to 36.0'
20 P Cuttings show sand
q5m Silty SAND, compoct 100% water return
- (Possible till)
— NX casing reamed to
o rock
3
773.3 3 Top of Rock 368 Water leve] 35.0
o N7 GRANODIORITE, medium to coarse- | NX casing to 36.8
- //\ grained, light-gray, hard, trace Water retum 100%
N2 foliation ot 20 degrees to 40 degree
3 /// dip, brecciated to depth 45.0' & brecly
- /\ healed w/chiorite Inflow test 39 - 55'
3 ' 2 No inflow at 50/
20 /\ Joints mostly ot 0.1' intervals to depth
N 45", balow 45" joints at 0.1' o 5.0’
3 // intervals w/mony slickensided Inflow test 54.2 - 65.2'
—3 /\ Neg. inflow ot 60f
3 A No inflow ot 30f
o I
Nz
AN\ CCot}fot;t dips QSMd_Omdmk Inflow test 64.3 - 79.3'
SCHIST, fi ined, B i
y mod hard,.g?;'el;:h\omblmd?-:uyorfz No inflow ot 70f
4 \[“ foliation dips 35 & /
y/ GRANODIORITE as above
an Contact dips 35 degrees
Y /l P\ Schist o cbove /] Inflow test 78 - 89°
/,\ GRANODIORITE os above No inflow ot 80f
4
/\ Contoct dips 25 degrees
hist ove S
N [\_Schist g3 abo:
/\ GRANODIORITE os above
@
N
A
\ Inflow test 90 - 101
\/ No inflow at 807
L 100 | Contact dips 0 degrees




v

SURFACE EL 410 HOLE NO e¢7<cp-319 F 2 gg?':;;
LEW GRA |CORE
IONS IC|] % |[DESCRIPTION OF MATERIALS REMARKS
p oL 3
ve Inflow test #7 - 108"
P GRANODIORITE s cbove No-inflow ot 80
- }7/ Core toss 0.3' as stub in
72.0 | 32X
HO-‘ Bottom 108. 1

3
3

3
p
=

=
7
o
3
3

3
3

-
3

=
3

3
-




_ _CHIEF JOSEPHOAM _ _ _PROJECT _ _COLUMBIA__ RIVER ]
DEPTH OF HOLE_ _53.6_ _ _ _DIAMETER OF HOLES" OB & NX inrock _ _ _ _
DEPTH OF O.B. _ _24,0___ _ _ DATE STARTED_ _ %Moy i%7 _ __ __ _ _
ROCK DRILLED___29.6 __ _ _ DATE COMPLETED % Jwne 1%67 = _
% CORE RECOVERED_ 00%_ _ _ CONTRACTOR _ _ _Leof DrillingCo. _ _ _ _ _
N
SURFACEEL  ,,, HOLE NO (o320 E 2255000
G
Ay c| % |DESCRIPTION OF MATERIALS REMARKS
819.2 | § |LOG
3 COBBLES & BOULDERS w/silty sandy 5" casing to rock
Jeeus gravel
18
Jsiors
10
§801.2 |20 oM 1 | sitty Sandy GRAVEL w/cobbles, dry, Water level 21.0'
- brown
795.2 'E/l\ Top of Rock  24.0'
3N, GRANODIORITE, medium to coarse~ X casing to 28.2"
3 / N\ grained, light-gray, hord Water return slight to
J, .~ Joints at 0.1' to 4.0' intervals w/5 to  ]31.0 and good below
-3 \ 85 degree dips, many joints iron-stained 131.0
q /\ many slickensided. No core loss
4 \ \ 1/8" gouge at 34.8, 39.0
3N
3/~
3\~
037
765.6 3 /\
3. -2-_' Bottom 53.4°
& -
3
E
p
3
-y
c-23




[_ CHIEF JOSEPHDAM _ __PROJECT _ _COLUMBIA __ __ _ ____RIVER
DEPTH OF HOLE_ __49.7 _ _ _DIAMETER OF HOLE_ _6" OB & NX in rock _ _
DEPTH OF 08._ __ 5.0 _ _ DATE STARTED_ _ _ _23May 1967
ROCK DRILLED_ __ _54.7___ _DATE COMPLETED _ 26 May 1967 _ _ __ _
% CORE RECOVERED_!00__ _ CONTRACTOR_ _ _leof DrillingCo.
SURFACE EL 45 ; HOLE NO ¢7<0-32 }r 2,381

(]
r c| % |DESCRIPTION OF MATERIALS REMARKS
15.2 | W [LOG P—-q
813.2 | JSM Silty SAND
b Silty Sondy GRAVEL w/cobbles & 6" casing to rock
-3 GM* boulders

Haoa.z 3

L 10 1 M 1 Silty SAND (fine), locse, tan

803.2°|

J oM Silty Sandy GRAVEL
800.2 3 \/ Top of Rock 15.0' Sloping rock surface
23/, GRANODIORITE, medium to course- | Churn drilled 10 22.2
- // grained, light-grey, hord
3~ b —— Joints mostly at 0.1' to 1.0 intervals -
N\ / w/5 to 85 degree dips, several iron- NX casing to 22.4
:/ 7/ stained, few slickensides obove 52.0' &
4/~ many below, no joints from 40.1 to Water return 100% to
30 oot 4 27.0' 70% from 27.0
] /\ to 32.0', no return
= \/ below 32.0°
"“! N Inflow test 25.3 - 36.3"
/ / 1.82 CFM at 307

1]

NTIITITIINTT
~—
N

No core loss
inflow test 35 - 50.1'

5 /> No inflow ot 307
3 \ A Inflow test 47.5 - 58.5'
3// No inflow ot 407
SCHIST, biotite-hornblende, dip 20
:-1 \/ dork gray, mod hord f
60 ~N|
1/, GRANODIORITE s obove Inflow test 5.7 - 69.7°
3 \/ No inflow ot 607
—: \ / Breccioted and re -hecled from 64.5 to
3 / 7/ 69.7
745.5 |70 3>
3 Bottom 69.7
3
=
-
3
C-24
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CHIEF JOSEPH DAM

—— v ——— g —— i ——

—-—— i — - ———

761.6

DEPTH OF HOLE_ _50.5_ _ _ _DIAMETER OF HOLE_ _ 6" OB & NX inrock _ _
DEPTH OF OB. _ _25.0_ _ _ _DATE STARTED_ _ _ _2May 1%7__ ____
ROCK DRILLED___25.5__ _ _DATE COMPLETED _ _8Moay 197 _ _ _ _ _
% CORE RECOVERED_ 100 _ _ _ CONTRACTOR _ Legf DrillingCo. __ _____ __ _
SURFACE EL 812.1 HOLE NO ¢7-cp-322 Igl 2,800
[
S c| % |DESCRIPTION OF MATERIALS REMARKS
[ 812.1 LOG r %
_:. Silty SAND (fine), loose, ton J6" cosing to rock
10 FM
7941 | o I
20 1 Silty Sandy GRAVEL w/cobbles
Jom Water level 23.4°
—_— ~ Top of Rock 25.0
I = AN GRANODIORITE, medium to coanse- [0 o " *
1, N ined, light soft 1o hard fr asing 10 £9-
1 grained, 'ight gray, ° om 1/4" gouge in crushed
—”—:- /\// 25.9 to 30.2, hard below 30.2 2one ¢t 273
-
— \/ Joints at 0.1* 10 2.0" intervals w/5 to
- /_{ 85 degree dips, many iron-stained & 1/16™ gouge, dip 75
40 3 /\ few slickensided . degrees ot 29.0'
Water return 100%

[T
7~
A

LAl
N
—

8
/

\_SCHIST, biotite -honblends , dip 5071

GRANODIORITE os above

No core loss

llllllll

llll_llll

Illlll_ll

lllJJlll

ll_llllll

Bottom 50.5'




T

*r\"‘p‘”f

— " — — —_— ———————

DEPTH OF 08. __ 8.0 __ __DATE STARTED_ _ _ _18May 1967 _ _ __ _
ROCK ORILLED__ 62.! ____ _ DATE COMPLETED _ _23Moy 197
% CORE RECOVERED_100__ ___ CONTRACTOR _ _leof DrillingGo, _ _ _ _ _ _
N 365,405
SURFACE EL ) ; HOLE NO 47cp-32 E 2,201,285
GRA
I E Cc DESCRIPTION OF MATERIALS REMARKS
811.3 | 4 |LOG
Jom Silty Sandy GRAVEL w/cobbles & " Asphalt conc
3 boulders surfoce
e cox _&2\".\“5 & BOULDERS w/silty sandy |0 co4id o rock
803.3 110 N/ Top of Rock 8.0
3 /\ GRANODIORITE, medium to coorse~ oot
j /ﬂ grained, light-gray, hard [Water return 100% to
3/ e pth 59.2
20 E \/ Joints at 0.1 to 5.0' intervals 50 to 80% below
34 w/5 1o 85 degree-dip, most joints Dinflow test 23.8 - 36.8"
i/ slickersided w/chlorite coatings No inflow ot 30}
J\— Gouge, 1/8" ot 21.5' & 21.6', dip
3 70 degrees
03/ >
3 \ Inflow test 34 .4 - 45.4"
s A /\ No inflow ot 307
N
40 N\ Contact 15°
}1'\’ LAMPROPHYRE, fine-grained, do‘rk_/_. Inflow test 43.2'- 59.2
3 0.13 CFM ot 40
a/ GRANODIORITE, medium to coarse-
1 grained, light-gray, hord
50 / {
~
3//1
‘g/\ 1/8" gouge at 58.7°, dip 70 degrees  infiow test 59.1 - 70.1
w.r\ Contocts 25 degrees 0.27 CFM at 60¢
<.',‘: \ LAMPRIOPHY!E, fine ~grained rPike closaly jointed
3=
KRS Y GRANODIORITE, medium fo coarse -
] ///\ grained, light-gray, hord, troce
o g foliation at 20 - 40 degrees
1.2 P23 2]
i Bottom 70.)
1
-y
=
3
-
3
=
3
p
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SURFACE EL ) 5 HOLE NO s7<p-324 gl X3, 404
i 2,291,347
~|GNA JOORE]
] C % | DESCRIPTION OF MATERIALS REMARKS
811.5 d
g sm Silty SAND w/boulders
7.5 e < & BOULDERS * casing to rock
.5 3 [F-QBBLES &
10° . Silty Sandy GRAVEL w/cobbles &
9 om bouliders
7%.5 1 3 \ Top of Rock 15.0°
| 20 / N GRANODIORITE, medium to coarse -
3/ // grained, light-gray, hard
bu INX casing to 20.4
_3 \ / Joints at 0. 1" to 2.0' intervals w/10 w
- / / to 85 degree dip, few iron stains, most ater return 100%
S/~ slickensided

763.2

llllllllPllll_lJ,ll §1L1Jll_l_lgn
I3

lllLll

Illlllll

lhlll .llllllll

Gouge, 1/8", dip 45 degrees, 34.1'

[Core loss 0.5' a3 stub in
bottom of hole

Bottom 48.3'
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Ti _ _CHIEF JOSEPH DAM _ _ PROJECT _ _ COLUMBA __ _ __ _ ~-—RIVER 1
DEPTH OF MOLE_ _108.4 __ _ _DIAMETER OF HOLE__ 6" OB A NX inrock . _
OEPTH OF 08._ . 26.Q. _ _ _ DATE STARTED_ _ _ _ U MuchIN7 _ _ _ _
ROCK DRILLED___82.4 _ _ _ DATE COMPLETED. _ _13April 1967 __ _ _ _
% CORE RECOVERED 100 ___ ___ CONTRACTOR _ _ _ leaf DrillingCo. _ _ _ _ _
SURFACEEL a15.,  HOLE NO s7co-az5 £ 2,808
GRA
S E Fﬁc % | DESCRIPTION OF MATERIALS REMARKS
1.1 | 4 |LOG
3 Silty SAND (fine),
AW , M Y (fine), gray 4" cosing to rock
) 3 Silty Sandy GRAVEL w/cobbles
10 9 Grave! mostly angular
A6M | 1
-
i
795.1
% 3 Gravelly Sandy SILT, compact, gray (possible tifl)
I ML 1
3
- I
 { s | 3RS PROPHYRE, dark, her NX casing to 26.0
1) N 1i X Water return 100%
:{‘:’:’; LAMPROPHYRE, fine-groined, dark- t\lo core loss
SN gray, hard, contacts dip 6070 degrees Hinflow test 30.1 - 44.1'
A GRANODIORITE, medium to coarse~ [N inflow at 40f
- '/ | grained light-groy, mod. hord, brecciated Jointed at 0.1 to 1.0'
40 :/\ intervals from 26 .0'-
~{ - \‘/‘_\\ GRANODIORITE, part coarsegrained & | 70.0° w/horizontal to
R light gray, part fine-grained & dork-gray| 80 degree dips, many
e \/ -\ reaction zones slickensided
1 '\~ GRANODIORITE, medium to coarse - '""g" tost 43 58“ 54.0°
-1/\ grained, light=gray, hard P .29 CFM ot
q— 1/8" gouge at 58.0'
g/
. d}.\u inflow test 53 - 64"
0 N\ Mixed GRANODIORITES, os ot 42° No inflow at 60¢
‘a“\',’,-’ N
N/
_::/,7\/- inflow test 63.3 - 74.3'
= DN Inflow 0.27 CFM at 35!
/\-\
= A Jointed ot 0.1' intervals,
‘ = W LAMPROPHYRE os ot 32° rom 70.0 ~ 74.0, most
e 4 ip 30 degrees
- //\ GRANODIORITE o ot 50' Inflow tast 73.3 - 86.3'
80 11 0.70 CFM at 80
R Jointed ot 0.1' 10 4.0'
A Mixed GRANODIORITE as ot 42" wrervals balow 74.0° w/
oo horizontal to vertical
7 GRANODIORITE, medium to coorse-  |dips, most joints slick -
90 17;> grained, lightgray, hard, trace to mod. prsided
-4 issic bondi 15 de, di
A 3 Z//\ gneissic bonding w/)3 degree dip inflow tests at 84.2 -
= 99.2 8 97.4 - 108.4
:;//? No inflow ot 807
3
100 1 N\
c-28




- N 365,407
SURFACE EL 811.1 HOLE NO 67<0-325 E o 5549
vl E[ORA [CORE
[RoNS| B pwic | % |DESCRIPTION OF MATERIALS REMARKS
8 |L06
L
+=7/ GRANODIORITE, gneissic as above
j\/\
J===
33N o
702.7 |1 J e [
] Bottom 108.4°
3
.
3
3
3
n
-
3
3
po
3
i~
3
3
~
-t
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— — _CHIEF JOSEPH DAM _ _ PROJECT _ _COLUMBA__ ~——-RIVER
DEPTH OF HOLE_ _119.3 _ _ _DIAMETER OF HOLES'OBS& NX inrock _ _ _ _
DEPTH OF 0.8. _ _ _35.5 _ _ _ DATE STARTED_ _ OMgch 1967 _ _ _ _ _ _
ROCK DRILLED. __ 83.8 ___ __DATE COMPLETED ! Moy 197 ___ __ _ _ _
% CORE RECOVERED %8-7_ _ _ _ CONTRACTOR _ _ _ leaf DrillingCo.
N
SURFACE EL 4555 HOLE NO ¢7-cp-326 E o000
Evar GRA |CORE
%ONS Ic| % |DESCRIPTION OF MATERIALS REMARKS
823.8 | 4 |LOG F q
E BOULDERS w/cobbles and silty sondy  |6" casing to rock
= BLDRS gravel, gray
10 3 Orill water rums out
3 through boulders
3
807.8 | 3
3 COBBLES & coorse GRAVEL w/silty
20 JCBLS| X | sond, gray
-
7.8 3
= Silty Sond, w/occasional gravel or
> M cobbles
-
788.3 3 Jop of Rock 35.5*
37 GRANODIORITE, medium to coarse
- 4 - i
40 %) grained light-gray, hard, trace foliation NX casing to 36 -8
= AN at 30- 40 degrees Woter return 100%
:// Inflow test 38.0 - 49.0
7\, 0.19 CFM ot 40/
bl
3 //\
0.7 Jointed ot 0.1' 1o 3.0' intervals w/5 to |Water level 48.0"
:/ / 85 degree dips, most joints slickensided
3 /\\ iron stains on most joints to 50.0' ond on{Inflow test 47.6 - 60.6'
1%7\ few to 96.0 0.03 CFM ot 60/
PE) i .
‘.‘///\ g“"" ,58..' 33” gg :’9"" o ;9'3 o |Inftow test 59.0 - 70.0°
b= IS % 6'0.’09.' - 9t egrees o ) No inflow at 70
/ .
-:J /\// Rock shattered and chlorite healed 60.4-
. 1 61.7, 73.4 - 74.5, 92.0 - 9.9 Inflow test 69 - 80°
= A 0.05 CFM at 80/
1>~
A=/
3 /\? Inflow test 78,2 - 93.2'
2N 0.16 CFM at 807
3 //\/
://f
90
- % Irregular contacts
-/ !E// . .
=7 SCHIST, fine-grained, gray-green,
e NP \mod. hard, chloritized [Prflow test 91.6 - 102.6'
-}; P .16 CFM at 80
00T/ \ GRANODIORITE os above




[sunncs EL e23.8

HOLE NO s7<cp-326

N 385,538 I

E 2,290,673
GRA [CORE
LEVS! B |pHic | % |DESCRIPTION OF MATERIALS REMARKS
LOG
H

o
st dia g
N\

GRANODIOQRITE as above

Gouge, 1/8", dip 75 degrees, 114.5'

Inflow test 101.2-114.2
No inflow ot 80¢ .

Inflow test 108.3-119.3]
0.08 CFM at 80/

[Core loss 1.0° as stub
in bottom of hole

704.5

lllllll_l

lLlJ_Llll

llllllll

_Alllllll

llLJllll ;llllllll

sttt o

/\
Z
120323
Bottom 119.3'




_ _CHIEF JOSEPH DAM _ _ _PROJECT _ _COLUMBIA_ _ _ __ ___ RIVER
DEPTH OF HOLE_ _79.8_ _ _ _DIAMETER OF HOLE_ _ 6" OB &NXinrock _ _
DEPTH OF 0.8. _ _53.0_ _ _ _DATE STARTED . _ _ _3Apil 1967 _ __ __
ROCK ORILLED___26.8_ _ ___DATE COMPLETED. _ _28 April 1967 _ _ _ _
% CORE RECOVERED_ 100%_ _ _ CONTRACTOR _ Leof Drilting€o. _ _ _ _ _ __
N 365,326
SURFACE EL g5 3 HOLE NO ¢7<p-327 E 239000
GRA [CORE
ELEVAT B [mic | % | DESCRIPTION OF MATERIALS REMARKS
3 BOULDERS & COBBLES w/silty sandy * casing to rock
_% aLDR gravel, gray
18 Large boulder at 9' to 14*
1g 1 CBLS depth
-
E
20 _‘ Water leve!l 22.0°
L;oa.s - T —
- Silty Sandy GRAVEL with occosional
30 1 cobbles ‘& boulders
p
J GMm
3 x
40 3
3
3
-4
s x
50
- Top of Rock 53.0°
775.3 S~ = fum=
=7 thElSSIC GRANODIORITE, modu:;m NX casing to 54.4'
B /\/ y groined, dark -gray, mod. hard, thin Water return 100%
0 1Ay m&ﬂ%‘n’n ¥ ned to depth 59.0° I\ core loss
N/ GRANODIORITE, medium to course -
1/ o grained, light gray, hard
— /// Joints at 0.1 to 2.0’ intervals w/
J ~ horizontal to 70 degree dips.
70 ] \ / Pyrite & iron-stains at 69.4' & 70.1*
4/ 7/
~j /N
0 /
748.5 - Bottom 79.8'
] )
3
-
7
3




_CHIEF JOSEPH DAM _ _ _ _PROJVECY _ _COLUMBIA_ _ _ __ __ __ RIVER
DEPTH OF HOLE_ _90.5_ . _ _DIAMETER OF HOLES" OB & NX inrock _ _ _ _
DEPTH OF O.B. _ _64.0_ _ _ _ DATE STARTED_ _ 4 Moy 19%7__ __ ____
ROCK DRILLED__ _26.5__ ___DATE COMPLETED 8 June 1967 __ _ _ _ _ _
% CORE RECOVERED_ 100 __ _ _ CONTRACTOR __ Leof DrillingCo. _ _ __ _ _ _
N
SURFACE EL g, 5 HOLE NO s7<p-328 £ 23983
GRA FME
Ay E PHIC | * |DESCRIPTION OF MATERIALS ’ REMARKS
842.5 [ 4 [LOG r §4
3 cais . .
7 COBBLES & BOULDERS w/silty sandy 6" cosing to rock
3 sLDRf gravel
103
3
3
-
3] Losing dril! woter
20 1 I
I
-
3
2
- Woter level 34.0'
.
_3' Boulder 47° to 52°
50
790.5
3 Silty Sandy GRAVEL w/cobbles &
] GM™M boulders
p
80
778.5| 4 Top Rock 64.0
—Z7- SCHIST, biotite -hornblende —rich, dark -
= By groy, mod. hard w/1' GRANODIORITE [, casing to 66.3
70 /\/ zones.
N/ GRANODIORITE, medium 1o coorse— | oTe" return 100%
: \\ N\ grained, light-gray, hard, No core loss
- // ]
80 \/ Joints at 0.2' - 5.0" intervals w/
3 — \ 5 - 85 degree dips
3 /\ Gouge, 1/8" - 316", dips 65, 80, 85
1/ degrees ot 67.3, 67.8, 68.2
01 \
752.0 3 Bottom 90.5'
=
L
c-33
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. _CHIEF JOSEPH DAM _ _ _ PROJECY _ _COLUMBIA__ _ ______ RIVER
DEPTH OF HOLE_ _192,3 _ _ _ DIAMETER OF HOLE_ _ 6" OB & NX inrock _ _
DEPTH OF OB. _ _ 162, _. _ _DATE STARTED_ _ _ _4Apil 1967 _ _ _ _ _
ROCK DRILLED___25.3 __ __ _ DATE COMPLETED. _ _15July 197 _ _ _ _ _
% CORE RECOVERED?Y5.2 ___ _ _ CONTRACTOR _ Leof DrillingCo. _ _ _ _ __ _
N 364
SURFACE EL o, HOLE NO s7<p-32¢ £ 2‘2901336,2
GRA JCORE
Evel B [Piic | % |DESCRIPTION OF MATERIALS REMARKS
965.2 | H_|LOG
9%3.2 qA5M Silty SAND (fine), loose, tan hurn dritled w/6* casing
3 caL OBBLES & BOULDERS w/silty sandy [0 147.5'
% s g,m, v w/silty 5909Y TN below 147.5
10 BLoRg Boulder 9* - 12°
3
23 1
3
=
937.2 1 30 1 Silty Sandy GRAVEL, occasional
1 Gm cobbles
]
=
.
LI 1
3
50 7 1
3
]
907.2 | 60 1 | Gravelly Silty SAND, groy
3
qsm
89%.2 | 70 1
= SM Silty SAND (fine) compact, dry, orange
893.2 3 & tan
3 Silty Sandy GRAVEL w- cobbles
oM
80
- I
-
-
90 1
= 1
870.2 { —
3 s SAND (fine) w/silt
100




| N 34,9%
SURFACE EL 965.2 67-CD-329 ’
HOLE NO R
LEVA GRA [CORE
TIONS PHIC | % |DESCRIPTION OF MATERIALS REMARKS
H LOG
862.2 3 SP SAND (fine) w/silt
‘_:1* SM 1 Gravellysilty SAND
110
—-'i b
120
845.2 ]
4 om Silty sandy GRAVEL
e I
—
-
835.2 1130
g sm Gravelly Silty SAND
le2s.2 | 3
140 ] Silty Sandy GRAVEL compact, dry, gray/
4 GM (titl)
=
3
817.2 N30 7 GP Sandy GRAVEL No water return 148.3 -
813.2 | 3 '30.3
810.2 - SM Silty SAND (fine)
' m el i
807.7 ] Silty Sandy GRAVEL w/cobbles
160
q M Silty SAND (fine)
=
82| 3 Top of Rock 167.0
170': N\ / NX casing to 167.0
3! — GRANODIORITE, medium to coarse -
S grained, light-gray, soft 167.0 - 168.0,
e /\ 30ft to mod. hard 168.0 - 172.0, hord
-~ h'ow 172
I
180 \ ~ Joints ot 0.1' to 4.0" intervals w/5 to
= / 75 degrees dips, most joints iron-stained,
- many slickensided
3N~ Gouge, 1/8", dip 65 degrees, 175.2'
pn /\ Gouge, 1/8", dip 65 degrees, 184.3'
-
190 [N Core loss 1.2' us stub in
aq’ bottom of hole
772.9 -
e Bottom 192.3°
3
C-38
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DEPTH OF HOLE_ _93.0_ _ _ _DIAMETER OF HOLE_ _ 6" OB & NX inrock _ _
DEPTH OF 0.8. _ _67.0_ _ _ _DATE STARTED_ _ 6March 1967 _ _ _ _ _ _
ROCK DRILLED___26.0_ _ _ __DATE COMPLETED 3iMoy 1967 _ _ _ _ __ _ _
% CORE RECOVERED?7.2__ _ _ _ CONTRACTOR _ Leof OrillingCo, _ _ _ _ _ _
N 364,670
SURFACE EL 994 g HOLE NO 67-CD-330 € 2 189,524
[GRAJCORE
BN B [pic | % [DESCRIPTION OF MATERIALS REMARKS
994.8 | W [LOG # ‘BN
991.8 J m Silty Sand {fine) loose, moist, tan 6" casing to rock
989.8 JCBLS COBBLES & BOULDERS
p Silty Sandy GRAVEL w/many cobbles &
1 GM boulders
m
3
979.8 o T —
3 om Silty Sondy GRAVEL, w/occasionol
p cobbles R
975.8 (10 .
971 8 - SAND {(fine), groy
3 Silty Sandy GRAVEL, w, occasional
: cobb!.s, |oose, gray
- Gm
30 7
2
40 1
3
>
20
-4
3
¢ 7 Hole dry
g‘;g ém £ AND (fine) loose, gray
’ Q 7 \//' Top of Rock 67.0 NX casing to 7.5’
=/ M GRANODIORITE, medium to coorse -
3 /\ grained, light-gray, hard Water return 100%
i Y Joints ot 0.1 to 1.5" intervals w/
a7 horizontal to 80 degree dips, many joints
80 -+~ / slickensided. Joints iron-stoined ot 75.5,
AN 84.4.87.0, 87.2, 88.6, 88.9, 89.1,
LHoF [T\ 89.2,89.6, 89.9, 90.2, 92.0 /]
_]\\',/ ”\mnomas fine grained, /
3 . \ GRANODIOPITE & joints 0s above
% —:\/’/\ E:or' loss 0.2' o3 stub
3N L . ___Jnbottomofhole |
901.8 _3 Bottom 93. 0
-
100
C-3¢
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Hele No. 72-D-350

DIVIsIoN WITALL HEEY |
DRILLING I.N1 NPD NPS oF 2 SKEETS
[V, PROJECY 10. $12€ AND TYPE OF BIT
Chief Joseph Dam it 3
. b N o0 or Station)
£ 2 295 165 1 NANUT ACTRENS DESGRATION 7 DAL
3. ORILLING AGENCY CP-650 Air Rotary, Star 71 Churn Driil
s S.mlth Drilling & }\ssc'x:xates 1. ToTAL NG OF OVER. ‘o..:,,...p TUNDISTUR 86D
o HOLE WO. (4 WOLE NG_TAs shown = dawind m'.é 72- 150 BURDEN SAUPLES TAKEM | 12 i 0
T WANE OF DRILCER - 14. TOTAL NUMBER CORE 8OXES
Carl Suith V5. ELEVATION GROUND WATER
6. DINECTION OF HOLE 16. DATE oL, |svarTRO !ew;uvla
K¥verricar [JincLingd oee. rmom venv. | £ 17 Auwrust 1972119 oct 1972
17. ELEVATION TOP OF HOLE 943.5
7. THICKMESS OF OVERBURUEN 198
- TE0 10 mocw 3 19. TOTAL CORE RECOVERY FOR BORING — 2
8. DEPTH DAIL 19. SIGNATURE OF INSPECTOR
5. TOTAL OEPTH OF MOLE 207 D. Kellum
5 Cone {80x on REMARKS
ELEVATION n:r:u LEGENO] c"‘”""ﬁ,’.‘.‘:"“:u"“"u RECOV- u:;l:l (Dettting e, e loas, dovth ot
. < L - ]
3495 U Sandy Silty GRAVEL w/ cobibties Hole drilled with CP-650 -
3 and boulders, dense, gray IAir Rotary to 42°. -
- Churn Drill Star 71 —
B drilled from 42' to T.nJ=
- SWL 8! 8-7-712 C
0.0 ™ SWL dry il
- Hoie making water € 20 E
] -
— —
20 ShL 16 8-8-72F
927.5 | 3 WL 35"
- Clayey SILT with cobbles, SWL 15" 8-10-72 -
] tan Sl 6! —
3 =
30 -] B —
3 =
911.5 o -
40 Silty CLAY, rucaceous, gray E_
3 ¢ | to black 8-11-72 =
905.5 3 T SWL 15 -
] . N=90/18" adl
301.5 4 »y | Clayey SILT, micaceous, tan I 1290 /18" -
50 — 511ty GRAVEL, dense, gray -
4 ™ [
83%.8 - -
393.5 —J . [s1lty CLAY, gray to black [
L
3 BOULDER, basaltic, dense, —
60 — gray WL 29,5 9-26-72 I
— y - >
886.5| L 23 —
= SILT, laminated, micaceous, L‘=Dﬂ/12". 100/6" [:__
— ar-v T —
p Y ¥ = 50/18" -
70 -4 .
CERIES I -
—
~ CAY, gray to tan L BWL 70" 3-27-72 |-
= 5L 69.2 —
pn -
e 3 Hole making water 2 81°
368.5 | | ' —
3 311ty GRAVEL, anqular rock o [~
= frarents, yellow to qray 1 N 200/ -
™ [
- -
450,05 130 ] 9.08.710
3 STty TAY,  plasTic, yoTTow %%ﬁ)—(—t;ﬁ—ﬁ‘_
- [ X% w86 31 - [
— Y tan No advancoe untal -
O ™ 10-3-72
3 S 1446 =
— aud
5 1100 4___r—d: .
PROJECTY HOLE NO.
u_‘.m‘ 1834 rruvious tormons ane ossoLeTe. Ch:cf Josenh Dan | 7"2-9_ 150
(TRANSLUCEN T ’
C~-37
o rs PO U B -




DRILING LOG (Cont Sheet)"™*™ ™ * ™ g9 Hole No. 72-D-350
eoRCT NSTALATION weer 2
Chief Joseph Dam J NPS ]; 3 wam
% coat [sox ot REMARKS
euzvanion | pee | uceno R o ATEALS RCOV. [SAMNE|  (Dritmg v, s b pih of
[ b < d 3 { 5
849.5| 100 a |Saey Sandy CLAY, yellow o
8aa.5| SWL._20 -
] Clayey Sandy GRAVEL, tan to | 19.5 10-4-72
n gray-brown Rep ) =
11073 o I N=120/12", 60/6" -
B SWL 48.8 10-7-72 [
~ SWL 22.6 o
4 -
832.5 n Hole caving ~ Drive [
— Gravelly SAND to Sandy casing ahead of drilled o
120_7] GRAVEL, gray hole. [
3 SP- =
@ -
—— —
5 [
819.5{130_ -
3 Sandy ?RAVEL with occasional | SWL 53.7" 10-9-72 |
7 cobbles, gray to tan SWL 38" =
] I N=150/12" -
140 3 SWL 27 10-10-72F
- SWL 18’ n.
3 I N=50/12", 86/12" =
. SWL 29.5° 10-11-72 £
150 3 @ SWL 18 ol
1 160 3 =
—_*1 I N=40/12", 60/12" =
) 3 -
3 =
170 3 =
] 5
_5 SWL 23* 10-12-72
7] I I'SWL 18,27 -
5 n
- -
180 =
] N=225/12", 170/12" -
3 C
‘—-: r
H 190 =
-] SWL 19.7' 10-13-72
ras 3 I ISWC 158 -
. Silty FAVEL N=25/12", 25/12" —
B I T SHL 21.5' 101522 F
749.5]200_7 Top of Rock - GRANODIORITE 5.4 -
Z N=500/5" [~
_: SWL 20.3' 10-17-72
- ”
= -
j -
3 :
(BR 1110-1.1000) 5o+ _ee- roscY S 0.
e 87 1836-A QPO 1909 OF - 629 - 63 Chief Jm Do 172-0-350
c-38
g » " U RS

T v T




DRILLING LOG (Cont Sheet)|"™"™™ '™ ¥ "™  949.5

Hole No

noRCT

NSTALATION
Chief Joseph Dam ]

NPS

CLASSWICATION OF MATERIALS
HEVANON | DEFM | LeGEND ¢ Doxriperem)

) b < d

% CoRe
RECOV.
(14

REMARKS
(Drillmg ssme. waier lois, depih of
weatherrag. et . of vgnificant)

749.5 GRANCDIROITE

N
o
=}

llIllIl

N
—
o

742.5
Bottam of hole @ 207'

LJ_LlJllllllHlll_LlllllLllllJlllllllllllllllllllllllllllLJlJJllllIJ_LIlllllllllllJlllllllllIllllllllllllllllllllll

SWL 18.9'

1

[ SWL I5.07

Casing @ 198'

*Note: N=blow counts
inches driven

";.?M 1836-A (BR 111041801} GPO 1800 OF - 828 803
Cc-3¢

mosct

Chief Joeph Dam

lHT]1I

III]]TTII'IIIIIII|l|ll|l]ll|lIITIlI|l|l]|III—I—T||II

Illlll|T1]Tillllllll'llalrrlw{llllllll]]ll’lllllIIIITT'IIIII




MHele Mo, 72-D-351

v v v 1
DRILLING LOG | D 03 or 3 swEETs
W ULE MO TYPE OE Y S & O
n h'l'mm“amrm————"
e FLgl .
L3y 2, 2'-5 )‘.'825 . WANU - 5 T
CP-650 Air Rotary: Star 71 Chwn Driil
suth Drilling & Assoc " TOTAL NO. OF OVER. SaTyRsTo TonoIs R eto
6 WOLE 4O. (Ae showm en dawing tite] 72-D- 351 SURDEN Amn Taxen H
- ] H
14. TOTAL NUMBER CORE BOXES
15. ELEVATION GROUND WATER
DIRECTION OF HOLE 16. DATE MOL. STARTRD !C”lelo
Dfvenricas Jwcuineo oxe. rmou vemy. { o OATE HOLE 3 Aug 1972 ¢ 30 Oct 1972
17. ELEVATION TOP OF NOLE 1902
. Ywickness or ovensunoen 247.0 P —— — s
8. DEPTH OAILLED INTO ROCK 1i.5 . SIGNATURE OF INSPECTOR
Is. ToTAL DEPTH OF HOLE 258.0 D. Kellum S. Wright
CLASSIFICATION OF MATEMIALS 2 CORE 180K OR RENARKS
u:v:non o::vu LEGEND m,_,‘.,,d n:tcégv- u?t (Dritting tiave, “-:-'?'-‘-.' dogrh of
<
07 = Sandy Gravelly SILT, dense, Hole 'inlled Wwith C°-650 -
3 well-nraded, with cobbles Alr Rotary to 52.0° -
s ani boulders. gray Cable Tool Star 71 drillgs
— fran 52 to 259.5%’ -
10_3 =
- -
203 E.
= NOT=: - biow onunts
- 1nches driven E
- -
—— ——
E 3 - -
e 3
— —
- —
a4 Sandy STLT - ircreqular -
— zones of contorted, crudely l—
- bedded silts -
- Lo
: 5-3-72 :
[ S Lgm—
E =
50 —
- ) 8-4-72
- T 8-7-72
: SALAETT -
3 — SWL 53 9-23.72
] SWL ST n
60— SWL 56.5 9-24.2
— SWETSOTS” —
— -
— -
- =
- =
o T N=175/7 -
— - b—
= SWL 69.5 9-25.72 -
] SWL 69.5 =
3 —
80_7] —
— -
q 90— T N=212/12 E—
. - S 86.5 a-26-72 |
902 1060 -
ENG FORM PROMCTY iuod we.
MAR 71 1836 raevious commons ane omsoreve. Chief Josenh Dam 72-D-351

(TRANSLUCEN T

C-40




v T X - - ' B et Tt T e o
[or1iNG 1OG (Cont Sheet)|*™™ ™ ™ 1002 Hole No. 72-D-351
INSTALLATION wieer 2
i Chref Joseph Dam [ NPS o 3 sam
CLASSWICATION Of MATERIALS % CORE [sOx OR temancs
HEVAION | otPn | wecenD t Dexripoion) recov. samne (Drilims e, water :::":;.:IA‘ o
. b [3 d [ f s
90e 100 _] ML ndy Gravelly SILT, dense, N=200/8 u
898 3 aray =
I
] 3ilty Sandy GRAVEL, w/ cobblef WL 75.5 0-27-72—
n and boulders, basaltic, dense T2 o
1107 gray water bearing I~ 9-28-72
- SWL 78 10-01-72—
3 SWL 72 -
g = N=400/5" 10-2-72fF_
: SWE 075 -
3 -
1203 SWL 70 10-3-72F—
— —
876 _:. 10-4-72
3 T, basalt, Se, [SWL 9.5 -
1303 oray =
e SWL 68.7 10-5-72
868 1 = , -
— Silty Sandy GRAVEL, w/ I N SWL 69 10-6-72 f—
-1
3 boulders, anrular dense, gray @E 238 0772 E
- Il
146 803 10-9-72 |
3 SWLN80~ =10=72}
i m e ['SWE78.5 n
3 SWL 83.9 10-11-72F
1 - [SAL B3.7 TO-T2=T2[
150: TOg13 rz:
] 10-17-72f
847 : _ SWL 80
] Clayey Silty SAND, basaltic, SWL 85.7 10-18-72}
\‘ 71 SC |black to gray SAL BZ.8 =
842 -1 -
160- SWL 90 10-19-72—
] VEL ,
j B Sandy Clayey GRA T ST 5T -
J« o
815 -] N=220/16 :'—
833.5 o5 COBELES -
170 Silty Clayey SAND with some -
= gravel, gray I -
3 :
3 N= 93/12, 115/12 [—
3 « SWL 85.7 10-20-72 F
180 7 L -
3 N= 300/24 -
m F:lled hole w/ water -
3 1 SWL 17.5 10-21-72 F
190 : WL 1.0 -
= :
. =
802 | 200 =
E g
i B - :
i . =
E - ‘
- ™
ENG FORM (BR £110-1-1001) . s s0 moRC NOM 4O '
s 1026-A fro e erm Chief Tnseph Dam 72-D-351 ’
C-41
i
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DRILLING LOG (Cont Sheet)|"™*"™ ™ ® " 1007 Hole N, 72-D-351
ORCY .~h - WSTALATION  NDS prry 3
chief Joscrh Dam L IU Y s

BEVATION (D("N UGEND

CLASSIFICATION OF MATERIALS

% CORE {3OX O

REMARKS
(Dosilmg tume. water lors, depih of

(Denrguoon) n'c.?v- “:: ¢ weasbering, #c., of ugafeant)
. 13 < L. N L [}
HHS 2o0d 5o [silty Clayey SAND o
TIayeYy s o9 -
__: cobbles, tan 10-22-72 F
3 N= 160/6, 370/12 -
2104 * L -
- -
= 10-23-72 F
220 120/12, 125/12 =
3 =
I =
— ]: 10-24-72 |—
230 a
- N=97,/12, 216/12 o
240 il
j b
B WL 78 10-25-72 E
755 = Top of Bedrock . —
3 o o - ISWL, Zz . 10-26-72 |
250 P B o
- _27-- —
. SWL 72.3 a
- [
743.5 - SWL 74.8 10-30-72
260 Bottom of Hole © 258.57
3 -
s -
J o
- ol
] -
Z =
; =
3 o
3 C
- o
- [
E o
"‘j‘ -
B g
NG PORM 1836-A AR 111011000 GPO 1980 OF - 418 - 803 roRc o 0.
Ll d Chief Joseph Dam 72-D-351
C-42
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B A A

Hele Re. 72-D-1352A

— Jovikioe T e waEY 1
DRILLING LOG ] _NPD NP or | swEETs
T 10. 28 AND Yyeg o 81t 8" TRE 4 6 hut
Chief Josenh Dam - =
[X ;gd.gqu lﬁf
N 156, " m an V2. WANUF ACTUREN'§ OESIGNATION OF ORILL
[y nm.uu; Mllf; N -650 Air Rotacy: Star 71 Churm Drild
smth Drilling & Assoc.
O =°:L=. - (As shown on drawing titte] 72-0-3524A i 25 Ay A I°P'L°l inen lo‘" 3¢ ;wmbw“"
T WAWE OF DRILLER + 18 TOTAL cone soxts
Cal:‘l S‘mth 15 ELEVATION GROUND WATER
€ DIRECTION OF WOLE . o IARTED Tcowiavie ]
EXiERTicaL ()wcuingo oxc. *now vany. | ' DATE HoLe lj Auq 1972 i 21 Sept 1972
or 269 17, ELEVATION YOP OF HOLE 1
- — = 18. TOT AL CORE RECOVERY FOR BORING [
8. DEPTH DRILLED INTO ROCK - . Ilﬂ.l?u" OF INSPECTOR
. TOTAL DEPTH OF HOLE 274 S. Wright, D. Kellum
CLASBIFICATION OF MATERIALS § CORE |sox on REMARKS
eLevation! oeeTw {Leceno| £COV- |3A|
" A (318 : m,,.,‘-u [ évv- l.':-Ll Drilling time, m'l:‘o‘o.‘ dopth of
Il
U9 U] Clayey Sandy Gravelly SILT Hole drilled with CP-650}-
- with cobbles and boulders Air Rotary to 115'. —
] very dense, gray Caple Tool Star 71 used |-
- fram 114’ to 274.! -
10 2 s
3 =
—] [
— -
- -
20,3 -
-3 SWL dry 8-1-712 |
= SWL dry =
3 NOTE: N= blow ocounts ;
307 Inches iriven —
—wm E
40_31 E_
50 é -
-
3 Zones of faster drillinafT
= 76-33", 95-97',95-10%'. |
3 —
60_] il
3 =
= [
7073 —
3 -
— o
3 ‘ -
80 i
: -
90 =
= =
= -
919 100
LE NO.
BRGAITM 1836 snevious sormons ane omovers. Thiaf Josesh Dam (7550524

(TRANSLUCENT)

C-43




e ® T g—

T W——————

DRILLING LOG (Cont Sheet)|" ™" ™ & "™ 1019 Mole Ne. 72-D-352A
moRC INSTAUATION . w-er o
Chief Joseph Dam [ NPS o 3 swem
CLASSHICANION OF MATERIALS % coat [aox ot ) Stiaanes
REVATION | Otevi { LEGEO Drcripves ) usgm u::t (Oriliag s, e -:'.‘.;;:’.‘;‘;
b d e ] s
9;9 100} < Clayey Sandy SICT. with |
= cobbles and boulders, gray o
3 N= 130/12 C
3 3
= C
110_:_1‘ —
3 o
904.5 4 8-2-712 F
Sandy SILT w/ gravel mica LI 90" =
3 M, |dry. orange-brown -
898.5(120 3 | N= 100/18 =
3 Sandy SILT with interbeds of | 1 8-9-72 |
= clean SAND
- 8-11-72
Jm 97 -
130_5 101 8-14-72 f—
—g o SWLTI00 -
— -
d sp -
— 8-15-72 |
3 -
140_—: -
875 3 8-15-72 |
— Sandy GRAVEL clean, water -
3 @ [pearing > 50 GoM N = 285 Blows; no =
-3 recovery :
868.5( 150 - T SWL 137 817-72 -
- iTEy SAND, 1ight brown, ISWT. 85.7 -
864.5 3 M |weter bearing SWL 98.2 8-18-72 |-
— Silty GRAVEL. with sand, T SWL 85.7 N= 300/7 =
] rown SWL 97.5  8-21-72 F
160 4 G S BT T -
E :
855 ~
— Gravelly SAND with cobbles T S’fml‘fg{u 82272 =
= and boulders, hrown : -
170 - sp SWL 86 -
3 SWL 100 8-23-72 |
E 3
841 [,g, I =
ND, Clein, Finé €0 ooarse, | N= 75/18 -
] Water bearing -
- sp -
832 B . 8-24-72 k
. ilty SAND, with same gravel, SWL. 88 -
190 7 rown-gray [
3 sm .
. Hole heaved badly @ 188' }-
= j5and heaved inside casind—
3 to 141, -
819 | 200 -
3 -
j -
__: -
: :
— -
&R 1110-1-180) ' . em- [l WU 4O
a-Aoanl L= SR ' erermor-imoe Chief Joseph Dem 72-D-352A
C-~44
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T T T T

DRILING LOG (Cont Sheet)| ™™™ ' & " 1019 Hole No. 72-D-352A
~r 3
Chief Joseph Dam [ ps o N
% CORE [8OX OR REMARKS
REVATION | OEftH | LEGEND M“emr s lt!cgv. iA:;t! (D:‘l‘llzg‘ '::.:.':.:‘.; “1.‘.:',?:3 o
. b < d e | 8
—BI9 1200 SIity SAND, with trace of 1 s
= small gravel, brown-gray [
e 119 -
3 WL BT -
3 -
210_- F-lole heaved badly fram }
808 s Gravelly SAND, water bearing 200° 250 o
- gray-brown o
35 SWL, 97.5" 8-28-72 F
220 T -
799 — ) _ C_
- 1 TEy Saridy GRAVEL, ~c&pact | | L,: 5518 s
3 to loose, gray-brown o
i -
793 - — e SWE, 91.6" 8-29-712 |
Interbeds of ¢lean, Sandy LTy -
230 ] @ |GRAVEL w/ Silty GRAVEL I ‘ =
e N= 66/24 o
- M o
e N= 42/22 L
3 I o
778.5 | 240_3 SWL 92.6" 8-30-72 =
= avelly 3. clean, FSRC 95 =
- water bearing -
_:“1 sp N= 250/22 —
769|250 3 ] =
] Sandy Silty GRAVEL with clay -
3 and cobbles I =
3 SWL 89.6' 8-31-72 |
3 | SRL87. 7" =
=1 -
260_7] =
= I N=142/18 s
:—_ SWL 93.5 9-1-72
. I SWL 88~
750 Z Top of Bedrock =
270_7 Granodiorite N= 250/2 o
246 3 * M= 400/0 refusal =
= Hottom of Hole @ 273 9-4 to 9-14-72 - Fished |F_
- lost tools and seated [
3 i 269" ~
280 casing @ -
= NOTE: Sand entered holef
— around casing shoe - -
I Back filled with gravel [
B to 268'. Placed grout |
- cap on gravel to 240'. F
290- Cleaned out grout to -
= 263", 2
-
E -
- . -
= —
: =
. =
— -
— -
3 -
3 -
NG FORM 1836-A ‘ER 111811001 @0 1000 OF - 826 - 653 moscy HOM MO.
ast o7 Chief Joseph Dam |72—D—352A

C-~45
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Hole No.72-D-353A

DrviSion INSTALLATION SHEET
DRILLING L0G | NPD NPS g
L PROECT SIZE D TYPE OF BT
CHIEF JOSEPH DAM L DATUM FOR ELEVATION SHOWN (TAW or 450
2. LOCATION (Covctnoes o Stk
N 366,600 E 2,294,795 iR TR SO TEN O e
3 ORLLNG AGENCY -
v SWITH DRILLING &JSSOC. Ciaf‘iOuAr ROTARY LrSTAR T CA.B:‘ES'TOOL
4. HOLE _NO, [As sfoem on drowing Tt | OGURDEN SAMPLES TAKEN 9 H
e 1 ) !_12-D-3534 . TOTAL MABER CORE BOXES ’
5. NAE OF DRLLER CARL SMITH 5. ELEVATION GROLND WATER
& DRECTON OF WOLE . DATE HOLE {STARTED {COMPLETED
Bvertca OOncuned O 0EG.FROM VERT. 124 AUG 1372 :I3 MAR 1973
ELEVATION TOP OF HOLE 979.5
T. THCKNESS OF OVERBURDEN 228 8. YOTAL CORE RECOVERY FOR S0RWG x
"o X 12 SIGNATURE OF NSPECTOR
9. TOTAL OEPTN OF MOLE 240 D, KELLUM
CLASSFIEATION OF MATERIALS L Sone | dox om REMARXS
ELEVATION | OEPTH | LEGEND m-n:m Recov sa'?: (Ot tem wr ks duth of
[ ] » ° 1
979.5 | 0  su [y SAND w/ gravelond Hole drlled w/ CP-650 E
976.5 3 Alr Rotary to 105 ft. N
— Churn DrliiStar -7l —
. Sandy Grovelly SILT, w/ . F
E Aum. cobbles & boulders drilled from 105 to 240 :
— very dense, dry, gray. -
10— Deposit contalns iocal thin -
7 Layers of clean sand w/ o
- gravel-can contaln perched [
- wotar, -
. I -
ZO—E —
: :
30— Local sand layer- Hole [
= I making water: approx. o
— igpm. o
. -
0 2
3 o
3 M C
50 = T |
3 :
J Hole Blown Dry s
60— 8-8-12 |
b o
- B.W.L.34.2 1t o
70 -
j -}
80— =
] I
. o
- -
90— E—
= 3
- -
879.5 |00 3 C
ﬁu HOLE WO,
ORM PREVIOUS EDITIONS ARE OBSOLETE.
ENC, FORM 1836 i Chief Joseph Dom P o353
C-46
_ atn - R I W S




[DRI.LNG LOG (Cont Shee *fﬂvnm 0P OF Hugrg,s

Hole No. 72-D-353A

PROJECT ]usmumu SEET 2
Chlef Joseph Dam NPS s 3 seets
% CORE | BOX OR REMARKS
CLASSFICATION OF MATERIALS -
ELEVATION | OEFTH | LEGEND Duscriprion Ri&gv SAMPLE m‘:‘n’%%m s cogth of
3 [] s L] ] ]
879.5 | 100 ] ML [Bottom of GloclalTi S.W.L. 58’ a
-4
43 Clayey Slity SAND,w/ R
- num, angular basalt cobbles I S W.L. 78.2 17 72 -
. and boulders;water bearing. S.W.L. 66.5 -
10— —
s WL T5 1-8-72
3 I -9-712F
- S.W.L, 66,8 11-9-7.
j \ S.W.L.57.3  0-10-T2 t
120 3 SM [
S S.W.L. 617 x
3 C
] i-lito -21-72F
130 —
n S.W.L.62° #-22 to I-27-712 I
= -
q I-28 to 12-2-72 F
8335 { Mo I Clayey SiLT,w/ minor sand SW.L.56.5° ;_
o Mt [soft, black. Easy driling to 149", -
834.5 Hole caved to WI. —
3 Gravelly SAND, coarse, tan. C
3 sp 12-3-12"
150— —
827.5 3 S.W.L. 60.5 -
3 Sandy SILT w/ gravel, gray 12-5-72
g M
60— S.W.L. 6l 12-6-12 =
818.0 3 I o
- Siity SAND w/ gravel -
= sw —
m S.W.L. 58.4° -
809.5 | 170—] RAVEL Wi o ; i2-7 40 12 (5-12 &~
- L with cobbles an T ,
- boulders. S.H.L, 57.6 -
- GP Hole caving below casing -
] C
8015 s -
180—] Siity SAND, fine o S.W.L. 58.5 12-16-72
I coarse, tan -
= I 2-7_to 2-28-13f
. -
90— M SHL. 65 3-2-13 |
- S.W.L. 66.8°
— K.W.L. 78.4° 3-3-13
779.5 (2007 -
3 :
3 o
fin -
3 g
] -
- -
- -
IPROJECT HOLE WO,
ENC FORM 1836-A revous comons ane cesovTc. Chief Joseph Darm 72-D-353A

C-47
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ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheof)l 979.5 12-D- A
PROECT [INS TALLATION SHEEY 3
Chlef Joseph Dam NPS or 3 sm:tsT
X CORE REMAMKS
ELEVATON | DEPTH | LEGEND A v T ERALS RECOV- | Sa f0riteg tin, v foe o of
. » s (] s 9
-] Siity SAND with occas. -
779.5 1200 J gravel,sd-f. o c.tan =
_ Hole caves and heaves [
210_1 3-5-73 :
. S.W.L. 62.6 -
— M SW.L, 59.3° 3-6-73 |-
3 S.W.L. 63.5° o
220 —] —
4 3-7 to 3-8-713. I
- S.W.L. 6.5 -
— 3-9-713 1
7510 J TOP of BEDROCK S.W.L.56° 6'csng E
7 30— Granodlorite = segted In_rock © 2284 I
3 SW.L. 60.4' -
3 -
3 3-3-13 F
. 4
733.5 1240 3 Bottom of hols & 249’ o
3 -
E 2
3 o
- :
3 C
—511 —
3 =
3 -
ENG FORM 1836-A raevivs SIVhiONS ARE OSSOLETE. F T t w.
wa Chief Joseph Dam ]m72-0-3534
C-428
—— - o 2 e | -




Mole Mo, 72-D-351%

VI
DRILLING LOG I NPD

TNSYALCATION WEET
NPS lov] SHELTS

T
W 366,725
3 ORILLING AGE!
Sinith ori

. PROJ
chief Toseodn Dan

10. IZE AND TYPE OF BIT 8" putton hlt: 0 Lt
. o

‘eovdinates or Statian)
E 2,294,755

p— e ]
12. MANUFACTURER'S DESIGNATION OF DRILL

’l.“.nj & Assoc.

CP-650 A1r Rotary: Star 71 Cable Tool

13. TOTAL NO. OF OVER- CisTUMBED TUNDISTURBED
€ OLE WG (A chwwns o drawing shiie] SURDEN SAMPLES Taxew l H
ool Ble mumbed ! 72.D-354 H
8. TOTAL COmE BOXES
15. ELEVATION GROUND WATER
. A |sTARTED !:ou’slvlo
@(laﬂeAL Owmclinen OEG. FROM VERT. §. DATE noLt l 14 Au” 1972 H 13 March 1973
- z 17. ELEVATION TOP OF NOLE 1032
. THICRRESS OF oveRsuROL 289.0 18. TOTAL CORE RECOVERY FOR BORING . :
0. DEPTH DRILLED INTO ROCK 19.5 A TeRATUAE OF IIPECTOR .
Is- ToraL oeeTH OF HOLE 308.5 D. Kellun i
CLASSIFICATION OF MATERIALS s cont |sox on RERARKS
sLgvaTioN] DEPTH |LEGEND| Dooarigtion AECOV- [SANPLE(  (Drilting time, water Jose, depth of
. 3 < 4 o s i "", i elgniticeny
134 04 a4 | Silty Sandy GRAVEL, tan Hole drilled with CP-650 |-
1029 3 _ —_— Air Rotary to 100'. -
7 Sandy Gravelly SILT, with Star 71 Cable Tool used |~
- nUMErous  cobbles and fran 100" - 308.5° }:
— boulders, very dense, -
0 ] basaltic, dark qray I~
! — NOTE: -
- -
. N= blow counts —
inches driven —
] i :
20— -
-3 SWL dry 3-13-7"2}=
qM SWL dry -
30— [
3 =
3 -
40— -
= -
E : 2
50— —
-3 [
— —
- —
603 SWL dry 8-15-72 £
3 SWL dry
= 2-16-72 & 8-17-72
pm SAL 617 —
70— —
3 -
80— —
= NTE:  8-21-72 WL wais |
3 65 with hole deoth 2
n 35'. Water source may [~
= be nerched zone 2 67° -
- —
- t
- - R . :
332 |1003 SWL 93.5° 8-18-712 |
PROJECT WOLE WO
m‘ﬁm‘ 1836 rrevious LoITIONS AR OesoLETE. (hief Josenh Dam 72-75-3%%
(TRANSLUCENT)
C-49
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DRILLING LOG (Cont Sheet) "™ ™ '™ ¥ ™ 143, Hole Ne. 72-D-354
MORTY . NITALATION et
Chief Joseph Dam L NPS ]: 3 fem
CLASSFICATION OF MATERIALS % coue [s0K Of wemares
aEvanon | oemw | uceo ¢ Docriperen) recov- ",::5_‘ ot ety iy
s b < d ¢
332 100 Sandy Gravelly SILT, with T SWL BT -
3 nurerous cobbles and = 125/12 -
- boulders, very dense, dark hole .
] gray 10-20 to 10-24~72 I~
1107 N= 300/18 -
9 M 10-25-72 -
e I WL, 68 o
3 3
, - N= 175/12 =
1207 iy
Q: T 82' 10-26/27-72 -
- 115.6'  10-30-72 |
- SWL 115° -
1307 M SWL 74" 10-31-72 -
- SWL 72" o
3 SWL 88.5° 1-1-12 F
3 T SWL 88.5" o
14073 M= 225/11 -
3 -
885.5 -3 r—
= Basalt Boulder, very dense, SeL 83.8 1-2-72 ¢
1507 dark gray SWL 105 ol
- & SWL 90° 11-3-72 £
78 ] | S 117 11-6-72 F
— Silty Clayey SAND with I SWL 108" -
3 cobbles and boulders, very N= 280/20 -
160: sc dense, dark gray SWL 130 11-7-72 E~
R SWL 1075 -
867 n Hole began to heave o
n Silty SAND w/ scattered -
~ gravel, moist dense, -
17073 water bearing, tan —-
[ SWL 132" 11-8-72
_: I SWL 128' E__
853 = N= 175/18 -
180 L
— Clayey 3ilty SAND, dense, SWL 140 11-9-72 —
3 sc |qray -
849 -4 50049 -
o |Siity Sandy GAVEL, very T %3984 11-10-72 |_
845 . dense, gray SWL 107 o
1907 Clayey Silty SAND w/ minor -
— s gravel, yellow SWL 181.5 o
839 ] 11-13/19- 72 -
3 S{ETSMMWM% T N 247712 =
- very dense, tan 11-20-72 |
-4 —t
832 | 2003 \“‘* 4.3 4y 17 |~
3 =
: -
——— —
uo_nvr 1096-A TRINGL10) quy 1een or-ame-eos -C.hinef Joseph Dam ]‘-'7'2?6_354
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e

ILUNG LOG (Cont Sheet))" ™™ ™ @™ 1032 Hole No. 72-D-3%4
WIALATON vl 3
"™ Chief Joseph Dam | NPS | R
CLASSIICATION OF MATERIALS % CORE [#OX OR . luuu's
REvATON | Otetn | et { Donrapoosn ) “&?v' u:;fl “’.Z'.'.'Zf..'.:.' .ol ::.',:::‘;./
. b < d o ¢ f I | [
B2 1200 Silty Sandy GRAVEL w/ | I
_'_1 cobbles, very dense, tan [
1 SWL 112.2' 11-26-72 |
= T -t
20 4 -
= 3
817 - SWL 126. 3 i2-21-72
- Silty SAND w/ small gravel I SWL 128
e sones, moist, dense, tan % 210/18 2-9-73 E
220_- -7
1 SWL 128.5 2-10-73 |
3 SWL 128.7 2-12-73 [
= SWL 129.1' 21173 E
803 230 . —_— ] -
—] Silty Sandy GRAVEL w/ trace SWL 130 21473 -
3 of clay SWL 114.7° 2-15-713 }
I o I N- 295/18 3
- SWL_108.5 2-16-73 |
- v -1/~ -
792 |240_- JE—— v
- Silty SAND W/ small gravel [SAL 107 o
- Heaving problems from -
— 225'-240' & 265'285' |
3 -
250_ sm -
= SWL 115 2-19-73 |
- SWL 108, 27
3 =
- SWL 112.8' 2-20-73
260 3 S TI0.5T -
5 SWI, 115° 2-21-13 |
767 - = 310718 i
] SiTty Sandy GRWEL wath | L SWL 112.5 2-22-713 F
m cobbles -
270 _7] SWL 118.4° 2-23-7% [ .
- ~SEL 110.8° 2-26-73 £
M ; o
B 113 2-27-713 |
3 SWL T05.5° n
280 ] SWL 114.9° 2-28-73
n SWL 105.6° E
3 -
—] SWL_108.9' 3-1-713 I
- Top of Bedorck = N= 120/3 E
743 290 7] Granodiorite / —
3 3-2 to 3-13-73 Drilled |
n bedrock and seated S
3 casing @ 289.6' [
—d -
300 E
- -
3 -
723.5 3 :
—BSEEE of Tole § 08,
B10 3 E_
3
. -
“l..?ﬂ 1836-A /SR 1110-2-1801) 050 1980 OF - 028 - 503 RS Joseph Dam '0"7";_‘13_354
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PROJECT Chief Joseph Dam_ HOLE WO, _74-RD-355
LOCATION __ Powerhouse INSPECTOR Zirkle
DEPTN OF NOLE 92.8 CORTRACTOR Gavammant
0EPTH OF 0.8, L2 OATE STARTED L Maorch 24
ROCK DRILLED 26.6 OATE COMPLETED S Maxch 74 |
% CORE RECOVERED 100 SURFACE €L, 80,0
Diaw. WOLE : : 05719 € _ 2791304 |
EQu i PENT & Henwood Diamond Drill 43.4 I
ﬂ% CORE | pescRiPTion OF MATERIALS REARKS
o * g Sotls Cleseification Caning Depts, hai of Nole at 3tary
L CL) R I el et
Wit 'b‘ W {oLOwS| Comitiee Brivi, Mhave or Resetratie, 8 Vater
" & JEY eletere Lame or Reters, Vater Color, Drillasg
0 Coloe Pleig Dets, etc.
3
3
q or Sandy Gravel w/ numerous
> cobbles /5"), loose, brown to
12 gray (Fill)
3
= e Silty Sandy Gravel w/ few
3 cobbles, dense to very dense,
20 3 I brown
]
- 1 Sond w/ grovel, dense to very
q se |dense, brownish-gray
- l {3
- 6 Mear, 74
- 1
-
q sp- Silty Sond, deme to very densq,
"0'_' w1 brownish~gray
3
= I
P
0
3
3 —
4 Mt [F i, hord, brown
) oM Kilty Sandy Gravel w/ blocks
- 120"). 4 beo
= o Sand w/ gravel, dense gray
=
738.8 0 1OP BEDROCK
= 2 GRANITE, light, hord NX CORE below 71.2'.
Most core lengths 0.1-1.3;
- 9
1 from 77.2'-78.0', pieces !/4",
80 1 Water return 100%
1/ DIKE, dark, hord
—/« CONTACTS dip 70 degrees
9 IGRANITE, light, hard Instolled 1" pve piezometer
90 pipe perforated 45'-65'.
-
3] 1/8" Geuge
2.2 3
100 ttom of Boring ' 97.8'

x a4 1

et

s




)

o 4 M v —T
PROJECY Chigl Joteoh Dgm HOLE w0, _73-RD-356
LOCATION Powarhouse INSPECTOR Zirklg, Eckerlin
DEPTH OF WOLE 119,48 CONTRACTOR Govemment
DEPTN OF 0.8. 2.0 OATE STARTED 12 Dacamber 73 |
ROCK ORILLED 26,6 DATE COMPLETED 10 Jonuary 74 |
$ CORE RECOVERED 100 SURFACE €L 810.5
DIaM. HOLE [ n___365,740 € __ 2,29
EQUIPMENT i Drill 43.3
ﬂ,‘ CORE | pESCRIPTION OF MATERIALS REMARKS
o L g Soile Claseilscatoe Casing Depid, Depty of Mole & Srart
# € o - Plasticity B 238 of Seift, Warer Llevel at Stary
[ 4 & Fad ot !“.Ts.l“(.IT:I.A?:::I;:':‘!
! T L% [} ILOUS :""““ ;.".'-.‘;.si::..or":-:mu;-. * Vater
[} E IFT nintere Lres or Rersrs, Vater “olor, Drillieg
Q Color Fis1¢ Dete, e1c.

Silty Sondy Gravel w/ numerd
GM ous cobbles (10"}, boulders

(24") and blocks (24"), loone]
brown (fill)

B bl
LlllllLl LLLlllJl .llllllll Ll'llLl .llll.j_lll

1
1se Silty Sond w/ gravel, very
SM dense, brown
17
1 76
17
189
50
Im |4 48 Sandy Silt, very dense, gray
3
3 T 1ae
’Q'E [ 146
3 1w Silty Sandy Grovel w/ occa-
70 { GM sional cobbles (5"), very
T 13¢ dense, bluish gray
3
=3 1164
0 - P Sand w/ gravel, very dense,
3 1 195] 9roy
_j Silty Sandy Gravel w/ occe-
Acom sional cobbles (4), very
90 p dense, gray
3
nr.s F—= .
- GRANITE, light, hard NX CORE
hu Core lengths 0.05' to 1.0’
100 S " ‘_1
DIKE, dark, hard Water return 100%
C-83




PROJECT

LOCATION

Chisf Jaseph Dom NOLE RO,

Powerhouse

73-RD-356
SH_2_ of 2

12

.9 J120

llll E

Add

GRANITE, light, hord

“‘(' » CORE | pescripTion OF MATERIALS REMARKS
£ LX-3 Soils Classification Cc‘lu :0 ::hh‘:t :'l:::’ :: g::::
ﬂ P 2 T Teuey i En lu.l'hu|:0'::.,k|):-||u=
| b 4 lb‘ N {SLOWS Condition ;:l.l'l. :::o ol’:.:lrnl;u. 8 Varer
E .c If" Woteture Less or Reters, Vater Color, Drillisg
|w Celor Tisie Data, ete.
3 DIXKE, dark, hard

lljl_llll .LlLlJlll .llllllll

llllllll

llllllll

llllllll

llllllLl

.llllllll

Bottom of Boring 1 119.6'

Installed two [* pvc piezometer
pipes - perforoted 36'-46' and
83'-93'.

SH— of

J




722,4

0
£
4
1
"

PROJECT _Chief Joteph Dom NOLE MO,

LOCAT 10N Powachouse INSPECTOR i

DEPTH OF WOLE 14.2 CONTRACTOR

DEPTN OF 0.8, 885 DATE STARYED

ROCK ORILLED . 25,8 DATE COMPLETED

% CORE RECOVERED 98.5 SURFACE EL. _810,9
DIAM. NOLE 4 n__365,740 € 2,291,250
EQUIPMENT Smiﬂonwood Dngn-gn'd Drill 43.4

CORE | DESCRIPTION OF MATERIALS REMARKS

L g Soils Classification Caving Depth, Depth of Hole at Start
8 836 of Shaft, Varer Level at Start

-
L Plasticiny » Pad of Each Seifi & Bun, Drillisg
sLOWS Cosditivn Time, Size & Ty;: of M1, Action of
Rt Drill, Rute of Pesetratios, $ Vater
[FT telere Loss or Retscs, Yater Color, Priilisg

Color Fleid Data, etc.

Sandy Gravel w/ occasional

£

o
3]
3 GP blocks (24"), loose, gray (Filb
3
-
- 72
JGP 1 Sondy Gravel w/ numerous
20‘: cxbbles, very dense, grayish-
= T 92
3 Silty Sandy Gravel, very
- b4 dense, gray
Jom
” {
] 19| ) ] 8 Dec. 73
- sp-
E SM 1 38 Silty Sond, demse, grey
40 4 I
3
3 Sandy Gravel, very demse,
1 GP I groy
50
I
E P Sond, dense, gray
:.jf__WI  Gravelly Sand, dense, gray. |
&0 b Sondy Silt, dense, brownish-
ML i1 w3leroy.
-
—:- P IT 80 | sond, very dense, gray
70 _1GP Sandy Gravel, very dense
3 In
3 Sand w/ some gravel ond
-1 5P occasionol cobbles, very dense]
- groy
80
5 Sandy Grovel w/ occasional
— GP cobbles (6"), dense, gray
b0 F—=—
. DIKE, dork, hord NX CORE
3 Core lengths 0.1'-3.5'
] Water return 50 to 100%




PROVECT Chiaf M Dam HOLE w0, _Z73-RD-337

LOCATION SN.2_ of 2
E ! CORE | pesceipTion OF MATERIALS REMARKES
! L g Sotls Classitication CA:nu Deptn, Depta n'LPn!: at ter:
N 2 = ey R T
[} "%" sLowS asdit 108 we, Sise 3 Ty of Pit, rn---:
] hyred IS i, dite ot Raetragioe. dibier

Color fleie Dats, etc.

DIKE as obove

.
llllLlllB‘“‘-‘Mo

696.6

l lll‘g.

Bottom of Boring * 1143 Installed two T" pvc piezometer
pipes, perforated 41-51' ond
82'-92',

1L1[llu-ln_h|u lulull Illllljj 11111111 nnlju ‘llllllll.llllllllznlLl

SH—.. ot  ___




PROJECT Chief Joseph Dom HOLE MO, _73-CD-358
LOCATIOK Powerhouse INSPECTOR Zirkle, Johnson
DEPTN OF WOLE 9L0 CONTRACTOR Flogd's Wall Doilling 4
DEPTH OF O0.8. A5.0 DATE STARTED __ 23 Joouacy T4 —
ROCK DRILLED 60 DATE COMPLETED
% CORE RECOVERED — SURFACE EL. 810.9
DIAM. HOLE 2" ] 365, 740~ £ 2,291,235
EQUIPMENT Bucyrus Erie Churn Drill 22 W
CORE | DESCRIPTION OF MATERIALS REMARKS
0 LR Snils Classilicatane ‘as1eg Lepts, Deptn of Hole a1 Start
4 (-] 2 P1 8 Fad of Shift, Water Level a1 Start
~f P . asticaty ? s gl huYth'i.lu,‘:‘:Hh;;
| T LOG "l 'FO“ .nu::unu D::‘l.l, ;::..ul' n:uA::;\u, I'::ur
% [} ( JFT nretere Lras ar Returs, Vater ‘nlar, Drilling
810, n Colnt Fisida Data, etc.
3
] Sandy Gravel w/ numerous
- cobbles (12"), occasional
3 boulders (15") ond blocks
10 GP (36"), loose to dense, gray
- to brown (Fill)
-
] Sondy Gravel w/ scottered
20 GP cobbles (10"), loose to dense,
P t brown
3 1
30 " WL, 29.7']
3 M Silty Sand, deme, brown 15 Feb. 74
Jsw- Si Gr Sonq,_ very deme: brown |
-4
40 ] Sond, medium dense to dense,
- SP I be.
- Owh
-
sp Grove“y Sand, deme, brown
3 e
50 GP- T S-lty Sandy Gravel, dense
3 GM browrg_____Q ]
3 M I Silty Sand, deme to very
v to.geay - 1
-
.0
3 I
3 Sondy Silt, demse to very
qmt |1 dense, brown to gray
3 Installed 10" steel well screen
20 75-85'. Uncble to develop
B I well due to infiltration of fine
S— d.
4GP Sandy vael brownish ¢ B san
L [Ga, 5 Sond, very demse, brow _1
GP Sondy Gravel, grqyash brown
T Sifty Sandy Grovel, ver,
JGM HZC, ndy J Instolled 6" pvc slotted well
725.9 o b y Gr '[ a creen 25'-85', backfilled w/
— . ravel, very dense, goy gray | scree ' ®
:,"7‘/{\ GRANITE 1 concrete sand & 12" casing was
%0 - withdrawn,
ne.9 _ oL
3 Bottom of Boring - 9.0’ Pumped + 2| GPM  for 8 hours.
3 Moximum drawdown in well +
- wt
3
S ———
C-87
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PROJECT Chief_Joseph Dam HOLE MO, __73-RD-
LOCATHON Powsrhouse INSPECTOR Zirkle
DEPTN OF HOLE 125.2 CONTRACTOR

OEPTH OF 0.8. 95.0 DATE STARTED

ROCK DRILLED 30,2 DATE COMPLETED

% CORE RECOVERED 100 SURFACE EL.

DIAM. NOLE 4" ] 365,740

EQUIPMERT

CORE

Eﬁ“ & Henwood Diamond Drill 43.4

&& DESCRIPTION OF MATERIALS REMARKS
o{ ’ g Snils Claseificating rasieg Depth, Depths of Kale at zun
v | o 2] vuii i i B i
Wl ‘oﬁ W [sLows| o Droii, ave ot Feorteation: 3 vater
N /F' C";""’ :._;-ldolrj :'I":_ Vater Tolar, Dritling
__: Sandy Gravel w/ numerous
-4 GP cobbles (8") ond occasional
3 boulders & blocks, loose,
10 1 .
gray (Fill)
.
-
— Sandy Gravel w/ numerous
4GP cobbles (8"), dense b very
20 1 dense, gray
- T
] 1 Soand, very dense, brownish
-
30 Isp arar
3 1 2l Nov, 7
—
3 1
e Sandy Gravd , dense b very
40 6P dense, gray to grayish brown
. x
- I _
50
3 I
qsw
a—
:4 r Gravelly Sand, very dense,
0 1 gray
3 I
3
pu—
. I
Jsm |I . .
= Silty Sond, very dense, grayisl
—3 brown
B T
80
3 T
7 Gravelly Sand, very dense,
a‘ sp I groyish brown
20
-
» op r Sandy Gravel, very dense,
Ns.3 3, - gray
- GMNITE,.[iQM; with DIKES, T yx CORE
IN-‘ dork ond light; ol hord Core pieces 0.1' 1o 2°

Water retern 100%

c-s8




llllllll .11111111 Lilihiaiit

llLlllll Allllllll

LAllJLlL

llllllll

IJJULI

SN of

T e
i
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PROJECT Chief h Dam HOLE NO. _73-RD-359 _
LOCATiON Powsrhouse SH_2 of _2
y
il, CORE | pEscRiPTiON OF MATERIALS REMARKS
° 5 g Soils Classification Castag Deptd, Depty of Mnle at '?uu
v lS 2 ={ s Flader faih, Yoteg froel s o
| 7 fsows] e B St Tt M a g
L] ¢ IFI Wotstere Loss or Beturs. Vater folar, Driliaog
m.l 100 ¢ Color Pisia Dsva, etc,
§ Rock ot above r
3
o
3
] — 1/8" gouge r
120
685.1
Bottom of Boring * 125.2* Installed | pvc piezometer pipe,
130 perforated 77'-97".

o




PROJECY Chiqf Joseph Do HOLE NO. =RD-

LOCAT IO Powachouse INSPECTOR Zickla
OEPTN OF WOLE 1364 CONTRACTOR _ Cimenenant

DEPTN OF 0.9, _uop DAYE STARTED 14 Jaouack 24 |
ROCK DRILLED 26,4 DATE COMPLETED 23 loowary 74 |
L CORE RECOVERED 100 SURFACE €L. 810,2

DlAM. NOLE 4 W__%s,740 ¢ _2790%5 |

EQuiPnENT L ear Diamond Drill Truck Mounted
CORE | pESCR(PTION OF MATERIALS RENARKS
D! ‘g So1ls Classiticatson Cassag Depts, Depta ollloh as SSHH
- R t » t
~l ’ 2 :“‘“‘ "y ; il z:::‘Sn:u';lu-::n::m:gl
1tan 14 . [}

Wl TN [mows] o T, Saan 4TI ot M el of
" t Fiat 1t ere Loas or Betura, Yater Colnr, Drillreg

0 Calar Fluia Data, etc.

s

Sandy Gravel w/ numerous

3 op cobbles (4"), loose, brown
0 1 {Fil) ’
-
-
p
-~y
3 1
-
D <
3 1
e : Sandy Gravel w/ occasional
- 1 cobbles (8"), dense to very
w3 cr dense, gray to brown
I i
S Wi, 33,0 ]
=] ] 24 Jon. 74
~f
«
3 <p Silty Gravelly Sond, very
- N dense, gray
5 sm ]
50
3 I —
q sp- Silty Gravelly Sand, very
- sm { dense, brown
-
Y] P
3 T Sandy Gravel, very dense,
~ greoy
g 6w
3 1
70 1

1 Gravelly Sand, dense to very
dense, gray

b e

ML- Sondy Silt, very dense, brown
M and Silty Sond

b e e et e

[P8)

Sondy Gravel, very dense,

GP ooy

B P
1111“ llLlll%JL 14 LAk
L.
)

-1 5P (Sand, dense, gay

8

oy




PROJECT Chief Joseph Dom HOLE WO, .14_-82-_399___1

LOCATI0N Powerhouse SH2  of 2
5(1 CORE | DESCRIPTION OF MATERIALS REMARKS
& S o cinicin ATl B AR
A’ [ 4 e = Plasticiy : I: :: Iultrsh:l'i.::s,‘b:l‘l’:l:’,
! T Lo L] .’!'m Condition ;:I-l'l.“::n.ol'glzlrul‘u.cll'n"
6L IF1 Rotstere Lams or Reters, Yater Color, Drillieg
|d‘ ¢ Color Piluid Date, etc.
p I p Gravel w/ numerous
- GP cobbles, deme to very dense
] groy
- SP
3 Sand w/ gravel, dense, groy
700,2 1110 1
& GRANITE, light, hard w/  |NX CORE
DIKES, dark, hard Core lengths 0.05'-1.8'

Water retum 100%

0.4' fault breccia

AZ3 8
Bottom of Boring 7 136.4' Installed two |" pve piezometer
pipes, perforated 40'-50' ond
95'-105".

lllllLll llLllJll lLll_lLll L‘llllllll llll_lLll llllllllEll llllls.llllllllEllllllll
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PROJECT NOLE w0, _74-R0-36l ‘
LOCATION INSPECTOR ___ Zickle =~ ===
\ OEPTH OF WOLE N CONTRACTO ___ Government
DEPTH OF 0.8. 2.9 GATE STARTED L fabmuac 24 = J
. ROCK DRILLED 25,2 DATE C”LETE._M____‘
$ CORE RECOVERED, 96 L mmt EL. ____‘}____
. DiAM. MOLE ‘ .
EQUIPHENT e &anu“lﬂumnlaultiz
‘lt' R CORE [ agscRIPTION OF MATERIALS REMARKS
' L g Solls Classificarios Casitng Depthd, h‘li of Pele at Start
y & 3 o = Plasticity & S04 of bite, Bater Level ot Stars
(4 & Rot of Rach SHift & Reo, Driliteg
[} 1 ‘% * [sLOwS Coadityon Tiom, Sise & 1‘,: of My, Action of
r t I'T Rointure t::‘u.m-:: l::::.(“;‘l”ov ‘D:.I:::
L 8| o" Color Fisie Data, etc. “
i :
-
! = Sandy Gravel w/ cobbles (12°]
4 E P ond occasional blocks (36*),
' 104 looss, gray (Fill)
! 3
——
3 1
3 Sondy Gravel w/ scattered
- GP it cobbles, deme to very dense,
5 gray
3 wi. 28,3
Sand Grovel, very denes, 8 Feb. 74
-4 GpP brown
3
3 I
b P Sand w/ gravel, vary dense,
40 1 lgoy B}
T l
n I Sondy Gravel, very derse,
50 cP 1 groy
-
ERR:
0 e ]
7 I
3 Grovelly Sand, very dense,
70
- I
-
00
< T Sandy Grovel, very dense,
4 v
Fer ky groy
90
3 3
n7.4 ] e
s (4 r_GRANITE light, NX CORE
14 with miner Dike, dcrk hard Cc « lengths 0.05'-2.0°
l 100 ] Water retuen 100%

c-62




LOCAT ION

PROJECT Chiof Joseph Dgm

WOLE W0, Z74-RD-341

Powerhouse

SH_2 of 2 _

Core

| L

L
4
r
T

DESCRIPTION OF MATERIALS

Soile Claseificatios

Castag Depth, Deptd of Nole st Start
& 8aa of Shift ‘oln Level st Start

Pasticity 8 Baa of Bach 3aift d Bus, Drilling
" lsLows Cosditice Tims, Sise & 11: of B, Action
Noistere Drill, Bate of Pesetratics, $ Vater
t i} Loss or Beters, Vater Color, Drilling
Color Fisie Dats, otc.
ROCK os above

llllllll lllllll .lllllljl Allllllll_EllllllllEllllLlll

llllll

llllllll

wibiind auliu

Bottom of Boring « 118.1

Installed two I” pvc piezometer
pipes, perforated 45'-55' and
80'-90°.

SKH___of




PROJECT Chisf Jlosaph Dom HOLE WO, __Z4-BD-342
LOCAT 1ON TNSPECTOR Zickls
DEPTN OF NOLE 138.2 CONTRACTOR
DEPIN OF 0.8. d0A 4 DATE STARTED
ROCK DRILLED 29.8 OATE COMPLETED __30 Jonuory 74
£ CORE RECOVERED '02 sumggs [zéo 809.9
DIAN. NOLE . (] £ ;
EQUIPMENT Sprogue ¥ Fenwood Biamond Drill T5.3 :
“I, R CORE | pEscRiPTION OF MATERIALS REMARKS
£ ’ g Soils Claseification :l;u. Depth, Depinr nll!'nlo al ‘_'u:
ﬁ. [ e = c":""" : l:: 5; v:(;::u.:::'o t::’:":'n‘»:;
1 \ W [oLowsf e i S Rt e 8 e
i “ lc [FY Roiatare gmunzw.::ur:.‘::lu vl"‘f..":lll:ll
gr Color Flusa Date, eto.
10
3 I Sondy Gravel w/ numerous
3 GP cobbles (8"), loose to deme)
3 1 groy
20 9
] 1
_: WL, 24,8
3 3l Jon. 74
30
P -
3
1 -3 '
—‘ 40 9 cp Sandy Gravel, dense, gray
i 3 ‘
. 3 1
c0 [ Gravelly Sond, denie brown |
4' Jor T | Sondy Grave!, very dense, grby
- 1
: q sp- Silty Gravelly Sond, very
- 0 M dense, brown to gray
- r
] ]
3
70
-4 1
-(
-
-y
_— 2
Jcr Sandy Gravel, dense to very
80 1 dense, gray to brown
-
% ]
] b3
3 1
100
C-04
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PROJECT

LOCATION

Chief Joseph Dam HOLE w0, _74-RD-362

Powerhouse

SH2 _ of _2

CORE

(-4
[- B

aLows
/FT

OESCRIPTION OF MATERIALS
Soils Claseification
Plasticity
Cosdition
Mofatere
Color

REMARKS

Casiog Depth, Depth of Mole at Start
8 Bad of Ssift, Vater Leve) at Start
& Bos of Bach Shuft & Nea, Drillis
Tism, Size & T,: of Bit, Actios of
Drill, Rate of Peserratiocs, § Vater
Loss or Reters, VYater Color, Drillisg
Pleid Data, ete.

673.7

Janl&==""

adl

S

GRANITE, light, hard
w/ DIKE, dark, hard

NX CORE
Core lengths 0.1'-3.0°

Water return 100%

-
llllllll ljllllll llllllJl lLlJllll llllllll lljllLllEAl lllll?lllllllllsllllllll

Bottom of Boring * 136.2°

installed two 1" pvc piezometer
pipes perforated 35'-40' and
70'-90'.

SN of

c-68



PROJECT Chief_Joseph Dam NOLE w0, _73-RD-383
LOCATION Powerhouss INSPECTOR Zirkle, Eckerlin
DEPTR OF MOLE 140.9 CONTRACTOR Govemnment
DEPTH OF 0.0. 112,90 DATE STARTED. 24 Navambar 73 |
ROCK ORILLED 28.9 oaTE coweLeTED U g 73
% CORE RECOVERED 100 SURFACE €L, 0.0
DIAM. WOLE 4" (] " € 1290,
EQUIPHENT il 63,4
CORE | pescriPTION OF MATERIALS REMARKS
0 ’ g Sni1ls Classification Casiag Deprh, Deptd of ¥ale a1 Siast
4' [ a - Plastacaty 8 Bac of Shift, Water Lovel o1 Start
P Cosdirtene :n:‘ g:l:.;.T:.”‘nl.'::.' A:::::‘:g
! 1 l% M | SLOWS Nosat Dflli, Rate of :-nunou. % Vater
] E /FT pintere Leme or Rerurs, Yater Coler, Drillieg
Q Color Flisig Data, etc.
3
3
Jor Sandy Gravel w/ occosional
10 1 cobbles (4"), and numerous
- blocks (12"), loose, gray to
3 brown (Fill)
P I Sondy Gravel w/ wilf ond occh-
q GP- sional cobbles (6") and blocks
20 GM (16"), very deme, brownish
- gay )
3 . Grovelly Sond w/ silt, mediud 12 Dec. 74
_5 [T 16 :'o:.n to very demse, grayish
m L
d 1 55
h— 1
-
1 ;
wl |,
'4 -
— 1 Sandy Gravel w/ rumerous
3 cobbles (6"), dems to very
A o ]cr deme, grayish biown
3 I 32
1 3]
3 Ié
.ﬂ.: 175
L
3 | Sandy Gravel w/ cobbles and
4 cr I 0. boulders, very derse, groy
=
e 0.4
5 GP Sandy Grovel, denss to very
80 dense, grayish brown
» o 74/
- 0.5
3
om—
B Ins Siity Sond o
% JSM iy , very derse, gray
] 1158 Silty Sondy Grovel, demse,
4 6m brownish gray
J —— g;- B
3 3°- Sond w/ silt, medium demse
IW: M hwnh( groy !
c~80




LOCATION

PROJECT

_Chigf joyeph Ogm KOLE NO.

Powerhouse

-2 of 21

of

(‘t' CORE | pescription OF MATERIALS REMARKS
& PE| it crenitcae SRR MR
~ ’ 2 =] Matety $ Hel s:' l-ilfélll!’l'::u.‘l’:llll:
] ‘% () Conditioe ism, Sise ypo o . Actaion
Y A s briti, dite o Ratirarinn Ve
] Color Visig Dats, etc.

6891

Loans

5
abild

addl

g

Wy

GP

Sandy Gravel w/ blocks (21"),
deme, gray

GRANITE, light, hord
with DIKE, dark, hard

DIKE, dork, hard

[

g 5
jllllJl lu'uu llAllul 11;1111 111]111)]81111“1 Lluljjxn

Bottom of Boring ' 140.9*

NX CORE
Core lengths 0.1'-4. 5

No water retrun to 122' w/ loss
at bottom of casing. Reomed
casing to H{2' and got full
water refurn

= : h
Installed [* pvc pipe perforated
«0'-80'.

SN of




LA canadii g

PROJFCT

HOLE WO, 74-CD-364 |
—dickle, Johnson, Eckerlin |

VOCATION Powerhoyse INSPECTOR i
OiFIN OF MOLE 112.0 CONTRACTOR __ Figud's Wall Prilling
DEPTH OF 0.8. Ho.a OATE STARTED 19 febouqry 74
ROCK PRILLED 2.0 DATE COMPLETED __ 23 Mouch 74
% CORE QECIVERED —_— SURFACE EL. 810,09
DA, HOLE iz N__365,615 € _2.200.945 ]
EQUIPMENT Bucyrus Erie Churn Drill 22 W
£ l
- ) / CORE rMscnwnon OF MATERIALS REMARKS
\R, !D * S S ls Clasaifiatine aviag Depth, Dogtin f Hole at Sary
4 o - Crant . § tar of Shutx, Water level &t Siars
N b 1L [RTSTRINT v vaa of hx‘n \'nuf‘).hu.‘h:.nug
LS R Time. 3z ¢ Type of Gy Aivaeg o n
'0 1 OG K LBLOWS " ”' X lv,‘:'n,)l:u uly snettatioe, § i:'»r
" 'C 1F1 v e Lime or Reture, Vater  nlor, lrillisg
l(LQ% 0 e Fluid Dave, ot
3
j - Silty Sondy Grovel w/ numer+
3 M ous boulders and blocks (48%),
B loose, groy (Fill)
_5 Silty Sandy Gravel w/ rumer-
1. ous colbles (10"), medivm
3 G dense, brown
0 3 .
3 ravelly Sand, dense, brown-|
’3 ¥ N ish gray
4GP Sandy Grovel, dense, gray
J 6c | Cloyey Sandy Gravel, very wi. 31.0°
3 dense, gray — 1 23 Mor. 7
—3 : Sandy Gravel w’/ scattered
3 GP corbles, dense to very dense,
42 g groy
4 sm 1T Silty Grovelly Sond, dense
] gray
._‘: 5p I Gravelly Sand, dense, gray
‘<C i Reld Sifty Sandy Grovel w/ occa~
“qem I sional cob.bles (5"), dense,
- groy
i
o 4sp Silty Gravelly Sond, loose,
‘P—D““_j LAY Y groy 10 brown
| - 4
oM Silty Sand w/ gravel, very
3 I dense, brownish gray
70 R Sondy Gravel, very dense,
46 [ jerayish' brown __
36°- Silty Sandy Grovel, very
M |1 dense, brownish gray
1.,
87 _1° l Sand, dense, brownish gray |
3
> r
qu Sandy Gravel, dense, brown-
90 {1’ ; ish gray 1o brown
] t
1 Sondy Grovel, very dense,
~P . .
1] G ! brown ]

c-88
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PROJECT Chief Joseph Dom — HOLE N0, _24-CD-364 |
LOCATION Powerhouse SH 2 _ of _2
DESCRIPTION OF MATERIALS REMARKS
Sairle Classitication Cn:nu Depty, Depts ollnolo at g:an
N t
Plasticaty : e of !:c:‘in::': l::?ln:un:;‘
Tasdit1om ;“.n'x S;t: [} Iyr.:z'l::. ll;l:.‘::
oistere l:- or ;l:url. :uur.'?o?-o;, Dr:lhu
Color fleis Datg, etc.
Silty Sandy Grovel, brown
..
-
3P Grovelly Sond, brown
7009"'9 qcr Sandy Gravel w/ boulders (16"
3 8.0 A3/ GRANITE
- Bottom of Boring - 2.0 “Instailed 10" Dia p.vc well ——
-~ Screens (0.1" slots) 45'-55' and
1 75'-85'. Pumped 1350 GPM for
? hours. Moximum well draw-
. down 16 feet.
3
-
—
i
-
3
-
5
3
-l
3
—
3
-
3
-
-3
—
—
b
SH . of
c-69
- e




PROJECT Chief jogeph Dom WOLE WO, __73-RD-365

LOCAT 08 Powerhoure INSPECTOR Lirkle
OEPTH OF WOLE 102.1 CONTRACTOR

—Goxammant 3
DEPTH OF O.8. 25.0 OATE STARTEO 13 Decomber 73 1}
ROCK ORILLED 271 DATE COMPLETED I8 Jonuary 74 |

% CORE RECOVERED 99.3 SURFACE EL. 809.8
DIAM. HOLE 4 n__ 365,548 £ 2,290,942
£QUIPMERT 2 Henwood Diamond Drill 43.4 ]
CORE | DESCRIPTION OF MATERIALS REMARKS
° L) g Serls Classitficating “asiag Deptd, Nepth of Hale st Stert
~ E o - Planti sy & Pad of Shife, Watrer [evel a1 Start
k c ey AP P
! T LOG ”' BLOWS 'M.’"m. nr":'ﬁ, Rate nl’ -uun-.m. S Vater
N ¢ /6T v"'"'" Lems nr Retuts, Yater > alae, Drildisg
0 Calor Fluig Pata, et1r.
a Silty Sandy Gravel w/ numer
g oM ous cobbles (12") ond boulders
b loose, brownish gray (Fill)
10 1

Sandy Gravel w/ scattered
GP cobbles 8"), medium dense,
grayish brown

M Sil'y_ggnd!_d_e:s_e_, lirownish N
19 Jan. 74‘
3 GP Saondy Grovel w/ numerous

cotbles 12") ond boulders,
very dense to lose, gray

o
ILLLJ ._LLllllll Alljlllll

3
40 7 I
:u____
3 I
= sp Sond, dense, groy
50 .
: 4
-—
- i Sandy Gravel, dense to very
3 dense, brown to gray
91 orl.
. 4
-
: -
70 )
: Y
-
8| 3
s il GRANITE, light, hard NX CORE
80
3 Water return
3 Instolled two |" pvc piezometes
- pipes perforated 30-40' ond 47'4
- 67
e ‘
3 .
100 ] _ " )
707.7 Bottom of Boring 102,

c-70




ha 4 -\ Ty "r'
PROJECT Chief_Joseph Dom HOLE NO. _74-RD-366
LOCATION Pow: INSPECTOR Zirkle
DEPTH OF NOLE 3.6 CONTRACTOR _ _Government
DEPTM OF 0.8, 85.2 DATE STARTED 12 febnuary 74
ROCK ORILLED . 28.4 DATE COMPLETED _2! Febrygry 74
$ CORE RECOVERED 87.3 SURFACE EL. 817.2
DIAM. HOLE 4 n___ 365,465 € 2,290,881
EQUIPMENT 1 j _f__}.L
CORE | DESCRIPTION OF MATERIALS REMARKS
0 L] g Soils Claseificating fasing lb!n_ Pepta of Hele at Stary
£ o = Flest s B Fatof Shifr, Varer leesd a1 stare
~ P i a8t aty :ln ::l Fu'lr\nh'\‘l"u_‘l\::Ilnl;
' T loG"‘ lLOVS ‘.ﬂlﬂl‘l"l l':‘:‘l,’;::r u"‘:l:lf‘:I:w.““:\"i
% " IFT astere Lomn nor Rejurs, Bater ojor, “tillieg
y h) ¢ ntor Fivid DLata, et.
3
—
3 A
1 Sondy Gravel w ' numerous
- GP cobl-les and blocks 34"},
- .
4 loose, gray (Fill)
-
-
20 1
B I
3 Cravelly Sard, loose, groy
» to brown
3
Fo |I
40 ]
2 . wi, 31.2]
I 2 Feb. 74
'_-: T
3 Sandy Gravel, very demse,
40 1 Gp z gray
o
—
59
j Sandy Gravel w’ cobbles,
very dense, grayish black
Jor
o)
adse Sand, dense, grayish block
70 3 Sandy Gravel, very dense,
—c- arayish tHlack
.
-
-r— b
80 {sp . [ Sand, dense, brownisi groy
Sandy Gravel, very dense,
qcp b
732.2 J:V)/T/'ﬂ" rown
GRANITE, light, haid NX CORE below
20 Core lengths 0.2'-0.4'
w’ gouge
1 Core fengths 1787-0.7¢
-3 caves
- 100°.. water return
100




Ltocation

PROJECY

Chief_Joseph Dom NOLE O, _74-°0-

Powerhouse

— hz ot 4.

y

A'

o

CORE | DESCRIPTION OF MATERIALS
L) 8 Siale v lasertr ating
o - blasty sy
sLOWS Tedrtres
I" Ranters
Celar

REMARKS

sassg epr. e ¢ dnle at Mtert
§ Py, Tt eater ovel at Start

$var s §oege Meettaeg
- : .

% ] ITL
Dratl, Mate I ‘ete cav 'Y
Lras or Yeture, ®ater e as

Flein lete, -

GRANITE, light, hard

b KE, dark, hard, 12"

7103.6

8

lllllllj LlllJlLll .Llllll(l .llllllll ;llll 1

Llllllll

111 LUL

UlLlLl

A lLllLl

GRANITE, light, hord
“ottom of Boring f13.7°

fnstalled two !

Core lenging 0.1'-9.8'

' pvc oiezometer

pipes, perforgted ot 65-75' and
45-55'.

Y L

c-72
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PROJECT Chinf Joseph Cigm HOLE NO, _Z4-RD-367 |
LOCATION Poweihouse INSPECTOR _2ickle
DEPTH OF HOLE v4,2 CONTRACTOR Government
DEPTH OF 0.8. 67.2 OATE STARTED ____ 22 Februocy 24
ROCK ORILLED 27.9 DATE COMPLETED __ 27 February 74
% CORE RECOVERED 95.2 SURFACE EL. 822.8
DIAM. WOLE 4" " 365, 390 € _2,290,935
EQUIPMENT Sprague & Henwood Niomond Drill 43.4
! CORE | DESCRIPTION OF MATERIALS REMARKS
0 %o [T T . ‘iR ertn . Rele at start
t =4 V1Y Iataifianim R T S S T
A{ oL e - Yiasts oty $ear 1 #y v'ln,r' s run, Urativar
o f TI%N [Ras) UL PR PR
N ¢ IFT CInter Dies oo beteral Bater i, ‘ritliss
0 ‘ot Piyin iare, v
<4 oM STty Sandv Urovel w numergus
3 cobbles (12"), loose, wrownishi gro.
- GP
3 Sandy Grovel, loose, gray
2

Sordy Travel w’ cobbles,

Jor|s
p loose, gray
20 1 .
3 i
—: SP Gravelly Sand, medium dense
» to dense, gray
- z
3
-] I WL, 35.
3 Gravelly Sond w/ sca'tered 28 Feb. 74
49 cobbles and blocks, dense,
3 gray
3P
—
50
&0 b Sondy Gravel, dense to very
— GP dense, groy
3
—
755.6 3 |
=W
70 7 GRANITE, light, hard MNX CORE
3 Gouvge 0.2' Core lengths 1/10"-1.3"
o Vi/ater return 100%
] Gouge 0.1'
89 7 i
3
3
9“ -
22a.:] 3 , -
—
3 Bottom of Boring  94.2' Installed 2-1" pvc piezometer
- ipes, perforated at 55'-65' o
[" .
| SO,
c-73
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PROVECT Chief Joseph Dom HOLE N0, __ 74-RD-368
LOCATION Powerhouss INSPECTOR Zickle
OEPTH OF NOLE 192 2 CONTRACTOR Com s
DEPTH OF 0.8. 7.0 DATE STARTED ____235 lJoouory 74 |
ROCK DRILLED 25.7 DATE COMPLETED __6 February 74
% CORE RECOVERED 100 SURFACE EL. 810.2
DIAM. HOLE 4 w__ 365 600 4 2,291,060
EQUIPMENT Longyear Diomond Drill Truck Mounted
CORE | pESCRIPTION OF MATERIALS REMARKS
0 $o “nile O] . egt 1 Ry NI
P=9 nile Aveificgryon AViag Ceprh, Cepte Meie s
£ o = Vieats - $Fatof Thilr Bater Teeet ar ctarpe
% P L B LA "ll‘h.‘hlf"""\:n.‘ ::(.;-nb.;
Wl T % Jeows) tT bt fee
et Lma or Peture, Pater lor, Trailaeg
o" 4 /FT tele Flvia l":n,l L3
_E Sondy Gravel w/ scattered
4 Gp cobbles {8") and blocks, loosq
3 gray
10
—y
- .
3 .
-
(2R L Sondy Gravel, medium derse
1 IS to very dense, groy
B I
=
30 1 i wl, 30.4'
3 sp- Silty Sand, very dense, biowd 7 Feb. 74
J sm to groy
L] -4
» Sandy Gravel, very dense,
40 1 ov. I brown
.
-
. 1
3 Silty Sand, very dense, browr
50 SM
b
L
-
3 [
: or | Sandy Grovel, very dense,
gray
-
-
9 It
20
3 1
Ly - ———
<3P I | Sond, derue, gray
Jse Gravelly Sond, very dense
R groy
80 >_,~_.<I S A
3 Silty Gravelly Sand, very
— SP: dense, brown
™ T
907 ___ —— e ]
- T
JGP Sandy Gravel, very deme,
e groyish brown
:m, e
109 GRANITE, light, hard NX CORE
Core Im :"'-aiS'
v

-~

A e a aa



PROJECT Chief joseph Dom HOLE O, _ 74-RD-368
LOCATION Poygrhoyse SH_ 2 ot 2
CORE | pEScRIPTION OF MATERIALS REMARKS
0 %o Sarls lassificatjon Casieg Nepth Deptn of Hole ar “taet
A' £ o - Flastpe o dPer ot l.hl', Lln level at “tar1
P & ' §ruc ran Saiee 8 bae e eg
' T G N' BLOlS L] e 01“1’!’!_ vl::u :.!’Knluln;v-. $ Valer
M [FT i ture Lams ur Keturs, ¥eter olar, Deilliag
100 c Tnlot Fluia Pats, et

LlllL Lunhuj
£
AN

adl s

120

687.5

GRANITE as above

{KE, dork, hard

GRANITE, light, hard

voliad aolooiadaa

illlll

Llllllll

!!lLLlll

llllll -llllllll

Bottom of Boring @ 122.7'

Installed two pvc piezometer
pipes perforated ot 90-97' and
60'-70°,

SH ___ of

- 2 . e Py




PROJECT Cliel _Jowph Dom WOLE WO, Z4-RD-379 ]
LOCATION Poweihouse INSPECTOR Likle
DEPTH OF HOLE &7 8 CONTRACTOR __ Coopicnent
DEPTH OF 0.8. 42,5 DATE STARTED 8 Febiyqry 74 |
ROCK DRILLED 25.3 ODATE COMPLETED 12 February 74
% CORE RECOVERED 10 SURFACE EL. 796.2
DIAM. HOLE 4" " 365, 685 € __ 2,291,490
EQUIPMENT Longyear Diamond Dr'll Truck Mounted
CORE ¥ pESCRIPTION OF MATERIALS REMARKS
D‘ ‘g Carls Classitiatiae DR LI R AR L L
" p L o - Tiasts avy : ::; ‘1 Q:-I:'.l:;:ﬂ! F:.:. Tt |::'
RCS RN Y Sy [ A YU R ST N
'0 Y % "l BLOWS . f' Levtl »..).1"-...--”-. I
M ¢ IF1 1ttere oma o Moture, dater o, Tilies
79 0 it Pluia (ata, o'
E
— Sandy Ciavel w’ scottered
Jre cobbles 8"+ ond blocks, loose
lﬂ-: brown
= Wi 14 324
Isp Gravell, Sond, loose, gray 13 Fel.. 74
207 : ]
::_'A_l - Sa. S;“L derme, biown
Mo | Sil, soft, tan
- 1
0 M Si. Sond, dense, gray
I
-3 Sandy Crovel w ' loulders ond
GP
3 blocks, ve'y dense, giay
40
 753.7 »
I\
_—: GRAHILTE, light, hard NX CORE
~ Core lengths O.1'-1.0
50: Water return [00¢
3
e Gouge | 16", d'p 85 degrees
3 Core lengths 0.1'-2.0'
e.)]
728.4 3
70 Bottom of Boiing  67.8°
3
-
-l
c-78



PROJECT Tendon Hole Chief Joseph Dam HOLE NJ, 75-8D-2
LOCATION STA 20+00 Monolith 8 illw, INSPECTOR 24k,
DEPTH OF HOLE 330.4 CONTRACTOR Goyerp-on-
DEPTH OF CONCREIL 211.8 DATE STARTED_6 Ma- 75
ROCK DRILLED 118.6 DATE COMPLETED 24 fua 75
% CORE RECOVERED 75.8 SURFACE EL.  960.0
DiIAM. HOLE 10.132 inches [} £
EQUIPMENT Failing Holemaster truck mount
CORE | pESCRIPTION OF MATERIALS REMARKS
0 % S Soi1ls Clsssificatios “asing Deptt, Pe;:is of Mole at Start
E 3 % Zsd of Smatry, ‘nnr Llevel a3t Start
ﬂ- P It 2 Plastacity [ gf !-;nrs:m’s!au.‘.mu-;;
i Tas - t. AZtios
! T 0 H BLOWS Cm.:dnm- T::'l.l. ;::e nl,:‘:::lu:xcl. l‘\utr
H G 1 /FT Moistere Lass or Retura, dater Color, Drallisg
&0, 0 ¢ Colar tlwid Data, etc.
59, 4 = #‘\ 0~0.6 tt. concrece w/rebad 147/8 in. calyx w/shot
. -
107
20
- 12 in. I.D. c2sing to
- 60 fr. groutel w/seal
- Air between 1.5 fi. inte concrete
= bottom of roadway bridge at top of ogze - seal brok:
- deck and ogee of spillway. loose and leaked throughout
30 1 drilling.
40 1
= At 60.0 fr. begin drilling
3 «%/10.132 ia. single sube
50 core barrel «/o core spring,
- fabrication by Corps of
- Engineers, Water circulaticn.
01.5 E Top of ogee 58.5
00.9 | 60 R 12 in. casing to 63.9 143/8 fa. cairx w/shot
. B /
- _C Concrete Runs A-D
3 D10.7 .3 18.4 D79.7
: 3-inch aggregate. | S.L. 12 Max 0.0
feso.o 20 3 D_J70.0 14ft joint undonded | "-L- 13 May 11.0
- Runs E-H
- E D28.0 C23.3 L4.7 D93.7
3
80 F | 9.1, 17 May 86.2
- W.L. 18 May 64.2
3
e 20 May Water level drop
- G 0 minW.L. 0.9
- 3 min W.L. 24.7
90 8 min W.L. 52.2
. 13 wmin W.L. 59.2
865.0 - H 95.0 rebar and lift
: joint unbonded | W.L. 24 May 0.0
lseo.o 100 1 T ] 100.0 lift joint unbonded | W.L. 26 May $9.5




PROJECT __ Tendon Hole Chief Jossoh Daa

MOLE MO, _75-RD-2 |

LOCATION 4.67 D/S Axis STA 20+00 Mono 8 Spillwav 3 SH_2 of _4
ig( R czns DESCRIPTION OF MATERIALS REMARKS
g Soils Clessificatios Casiag Depth, Beptd of Wole at Start
3 o =| n 8 304 of Shite, $ater Lovel at Start
‘r P c saticity g1 o hc.hrknnlh!:u.‘br:uu:
t, tios
! T “l 8LOwS no:‘:“" D:rl'l'l, ::n d,:l:lrluu,cl glt:r
E r c JFT olature Less or Returs, Vater Color, Drillisg
101 Color Plaid Dats, etec.
- Rms: I, J
3 D20.3 C6.8 L13.5 D119.0
—] I Concrete 112.2 Gravity grouted 33
s SacRS
- " (- .L. 29 Ma 0.0
HS;O 0 Q 110.0 lift joint unbonded ’_EL 30 Hﬂz 53.5
b leaking
- Triconed with 9-7/8 in. bit
-] J 118.95 - 119.30
- 149.25 - 149.60
120 Hole triconed ahead in Reas K, L
- black D19.3 C19.3 L0.0 D138.6
- Water level drop 59.0 -
=] 100.4 approx 1 ft/min
- K 138.6 tavit{ routed
- 12 sacks sealed leak
832.0 [130 130.0 1lift joint upper gallery
830.¢C ~ unbonded w/gravel
: .pocket - leaking
= L in gallery elev 832.0
—
-
3 | 9.1, 1 Jun 65.5
40 7 W.L. 2 Jun 69.3
-
-
3 M ) Ruz M
= Hole triconed ahead in D10.7 €0.0 L10.7 D149.3
- black
n ] w... 2 Jun 635.5
JeL0.0 130 150.0 1is: joint uabonded [ %.i. 3 Jun 69.3
3 | W.l. 2 Jun 14.7
3 X 9.2 4 Jun 6.0
O
3 Ruts N, O
keoo.0 160 0 . D11.7 C3.5 18.2 Di6l.3
- 160.0 1iit jeint unbonded
3 p Ruas P, §
-4 D10.6 C10.6 0.0 D172.0
—q
b Q
79 R
790.0 - S 170.0 1lifcz joint, unbonded
4 T
785. -] .
85.0 - v 175.0 liZt joint unbonded | 174.6 gravity grouted
] 10 sacks
780.0 |180 180.0 1lift joint unbonded Ruas T, W
-1 D25.8 C22.3 L3.% D197.7
= L v.L. 7 Jun 0.0
— v W.L. 8 Jun  Drx
3
770.0 RL2Q 1 190.0 14t joint unbonded 138.5 gravity grouted
- 12 sacks sealed leak
- i{n lower galler:y
s w | Leaking in gallery
2
763.0 ; elev 762.9 at 3.6 gpu
200 4 X

SH.2_ of &




- 4 48
PROJECT _Tendon Hole Chicf Joseph Dam HOLE MO, _75-Rd-2
LOCATION 4.67'D/S Axis STA 2 2 8 Spillvay 3 SH_3_ of _4
iﬁ, R C‘;"i DESCRIPTION OF MATERIALS REMARKS
ol s
¢ S Sails Classificatios gc::l.l‘h ::h,"‘::.:‘h:-'l bt Suar
& A 2 Flasticity & Tsd of Bach Suife & Res, Drillieg
| P LO Cosdition Time, Sise & h: of Bit, Actios of
T H ) BLOWS Drill, Bate of Pesetrstios, § Vater
6 % /FT Motstere Lass or Retars, Vater Color, Drillisg
20(" Color Piaid Dsta, etc.
3 Runs X-AG
3 X D53.0 C47.7 L5.3 D250.6
u—
P S 1 Y | Top of bedrock 211.8
= . -
p
o Y Closely jointed zone 216.8 gravity grouted with
6 sacks
= Aa
r220 h AB
= AC W.L. 12 Jun  59.3
3 AD [ W.L. 13 Jun 81.1
230 3 Triconed with 9-7/8 in. hic
- AE 256.7 - 257.0
b 260.0 - 262.4
_ 271.9 - 2725
- AF 281.5 - 282.1
p 290.3 - 292.3
P40 9
-
3 (W.L. 13 Jun 0.0
— w.L. 14 Jun 67.5
:-: AG Run AH
0 De.1 €3.3 L2.6 D236.7
1 - nun Al
o D3.1 C0.4 .7 D260.
} — AH I:cl)le..triconed ahead ia .l 14 J&: 020 0
A - aes 7.L. 15 Jun 84.5
l.L. 15 Jun 0.0
j W.! 16 Jun 86.3
262.4 to 303.2
k976 6X73/4" double tube Run AJ
standard core barrel D9.5, €9.5 LO.0 D271.9
w/cgt;e spring, reamed
w/97/8 in tricone bir and
reared again w/10.132 in,
cerz barrel Run AX
D9.0 C9.0 1L0.0 D28L.5
281.5 gravity grouted
6 sacks
Run AL
D8.2 C6.6 L1.€ D290.3
Run AM
D9.5 €9.5 L0.0 D3ol.7
( SH_3 of 4 __
c~79
- i it ghtadne e R




) PRGJECT Tendon Hole

Chief Joseph Dam

NOLE N0, _75-RD-2

LOCATION _4.67' D/S Axis STA 20400 Mony 8 Spilluax 3

SH 4 __ of _4

0
\ ~ EPT
('k soft

CORE
| X~}

(=]
o -

BLOWS
[FT

DESCRIPTION OF MATER!ALS
Soile Classiticatios
Plasticity
Conditioe
Noistare
Color

REMARKS

Casing s, Dorl of flole at Suart
& Sed of !:Ul ater Lovel at Start
8 u of Bach Spift & Rus, Drillisg
Tim u & Tyge of Bit, Actios of
#rill 1, Rate of setratios, $ Vater
Lass or Retars, Weter Color, Drillisg
Pleid Dats, etc.

AN

229.6

AQ

527.3

10.122 in. commercial
single tube barrel w/core
spring, bit cracked at
309.7

6x73/4" double tube
standard corz barrel
w/c?re spring, reamed

/S ja.triccae ke,
rea-xed again w/10.132 in. coA
barrel

PP - Y s e~ ¥ T
-
2
2
()
- - [
I T I TP AT T 1 NI I PRI M ITIN, c ’

Bottom of hole  332.7

W.L. 19 Jun 59.1

' W.L. 20 Jun 81.2

Runs AN, AO

D6.5 C5.8 L0.7 D309.7

Runs AP, AQ
D16.1 C15.1 L1.0 D330.2

| w.L. 32 Jun 0.0
W.L. 24 Jun 82.%

-

Triconed with 9-7/8 in. bit
301.7 - 303.2
309.7 - 313.9
321.2 - 321.4%
330.2 - 332.7
Triconed ccre included in
core loss

NOTE:

1. Black zeaes in graphic
log indicate triconad
areas.

SH 4 of &

c-80




pipe. Cored hole was not usac as
pilot for dowrhole hazcer.

PROJECT Tendon Hole Chief Joseph Dam HOLE NO, _75_DHY 3 l
LOCATION _ Monolith 11 Intake INSPECTOR _zirkle
DEPTH OF HOLE_201,5 CONTRACTOR Govnpm—ant | |
t DEPTH OF Concrete 119.1 DATE STARTED 23 Juz 75 |
ROCK DRILLED 82.4 DATE COMPLETED® Jul 75
% CORE RECOVERED == SURFACE EL. 960. 3
DIAM. HOLE 11.875 inch ] £
EQUIPMENT __ Failing 1500; Drilling w/Mission Series 100-10 Haz-~erdrill
CORE 1 DESCRIPTION OF MATERIALS REMARKS
0 % g So1ls Classificatics Casisg Depth, Depth of Hole az 5t
3 o ™ . $ %ad of Shife, ®ater Level g2
A{ P L :1”"".'"’ & %84 gf !nc&: ul'lgllu-,‘l’r
2 i Time, Si b t, Ac
'o T OG 'fl Blzows "::_ ;:ﬁl, ;::e 2 o(u}:wu,
LY B AN e P bt e
960.0 - Concrete 13 inch dia=ond bit
Top of gallery
956.01 _+ 23 Jen 75
10 1
948.0 E Floor of gallery
- Concrate 13 inch dia=ond bit
- W.L. Drv
- W.L. Dry 24 Jun 75
-
20 1 Penetration rate ia 12 inch I.D. casiag grouted
b n concrete from 15.0 ft to 3 fr. into concrete.
{{ - 55.0 ft. ranged from about | Bottom of ciasing at elev.
— 2 min. to 6 min. per foot. | 945.0
30 ] 12.0 ft - 128.4 ft Hole was_first cored
] hammer drillirg at with a 23/4337/8 inch
1 3 16 RPY, 110 pounds air diamond biz to 251.4 f=.
— pressure at 60 stroxes per | Hole was then grouted o
I minute, foam added. elevation 9-8.0 ft and
- redrilled with a downicla
40 Powered by two 9C0 C.F.M. hamer wizz 11.875 incx
: comprasscrs. 8 inch drill | button bit to depth 201.35 ft
B
-t

50
' .
] 205.0 j S e W.L. Drv
- - , W€.L. Dry 25 jun 75
- L
60 =4 Penetration rate ia
- concrate from 35.0 ft. to
- 119.1 ft. averaged about
- 6 min. per foot
.
70 4 | 4 Significant devia:ions from
- - 5 this average rate are shown
- in mizutes per foot of
= — 7 penetration beside a tick
o - mark 2z the proper depth.
b = These rates are for the
80 - 5 foot of boring im—ediately
3 - above the tick mark
3 ==
—
-
3 - 9 .
90 1 !
= [~ A0 ;
{ - -
— - !
- -
-
- - 5
360,0 [100 4
| -




PROJECT Tendo 1

WOLE MO, 75-DHH-3

LOCATION Monolith 11 Intake

SH 2 _of 2
CORE | DESCRIPTION OF MATERIALS REMARKS
DE L S|  Soils Classitication Caslag Deped. Depts of Nole at $uart
e
Af [ 2 = :“'"‘“’ §iu Et lu.i; m::;'::-.kli:gun’
. ios o
! T L% H | BLOWS lo:d‘nln Iﬂl'l. m' d’:-:tullu. § Vater
?& [} t /FT olstere Lass or Beters, Vater Color, Drillieg
100 Color Pluid Data, etc.

128.4 fr - 201.5 ft
hammer drilling at 36 RPM,
115 pounds air pressure
using air, water and foam.

L

llllllll :IlllllLl\.llllllll

Fa
-~

- —8
3 .9
3 -/ W.L. 0.C (Pumped in)
1.0 4 W.L. 6.2 26 Jun 75
3 FE
- ...;
e mgl
-
”,)"‘ 5 Tor of bedrock 119.1
550.9 |
119.0 fr - 129.0 ft

Penetration rate 16 min/ft

S

0.0 (Pumped in)
4.0 Z7 Jun />

#Ha

129.0 ft - 138.0 ft
Penetration rate 6 min/ft

139.0 ftr - 154 £+
Penetration race i2 win/ft

120
E
E W.L. 0.0 (Pumped in)
160 W.L. 37.6 28 Jur. 75
a4 155.9 ft - 174.0 £t
- Penetration raze 20 wmin/ft
3 175.0 ft - 185.0 fr
179 Peretration rate 12 min/ft :
3 186.0 fr - 187.0 ft %
i Penetration rate 17 min/ft
3 187.0 fr - 201.5 fc
183 Penetration rate 30 min/ft
- At 201.5 gage on bit
- shows wear
- 29 Jun through 2 Jul tested
] hole for alinement and
.~ leakage - hole off
19C 1 alinement - stopped
] drilling at 201.5 ft. W.L. 0.0 Puzped in)
o w.L. 33.3 29 Jun 75
200
ss.s o1 Bottom of hole 201.5 W.L. 195.3
3Jul 75

Filled hole to 12.0 ft with
5 yards 6 sacks ready mix
concrete.

SH2 . of 2
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PROJECT __ chicf Joseph Dam HOLE NO, _75-DHH-4
LOCATION  Closure Monolith C-2 Tendor Hole INSPECTOR _Zirkle
DEPTH OF HOLE 163.1 CONTRACTOR Governrent
‘ DEPTH OF CONCRETE . 919 OATE STARTED _22 July 1975
ROCK DRILLED _ 87-1 DATE COMPLETED 5 August 1975
% CORE RECOVERED Not_ cured SURFACE EL. 950.0' 3 roadvav deck
DiaM, HOLE _ 11.875" ] 3
EQUIPMENT __FATLING 2000 DRILL, MISSTION A100-10 HAMMERDRIL
== A e
ﬁﬁ o c‘;"i DESCRIPTION OF MATERIALS REMARKS
P= Soils Classification Casieg Depth, Deptd of Hole st Stare
A'_ E K o - Plasticity ¥ Eod of ghll. ster level at Start
] P Lo Condition %i::‘ ’5’:15‘:‘?3‘“;{.52:.'AB:;;:IS.’
T [ H| BLOWS Moistere Drill, Pate of s-e:ruIXB-. $ Vater
H ¢ IFT . i Loss or Retura, Vater Coler, Drilliag
[ 0 Color ROADWAY Fioid Data, etc.
-1
956.0 Concrete w/iebar
- Top of gallery Drilled to 14.1 feet w/l6
- inch calyx bit. Drilled a
» 292 inch hole for pulling
948.0 - Bottom of gallerv core.
he 3 inch aggregate concrate | W.L. 24 Jul Dry
j 14 to 101 ft
i =¥ Penetration rate in all 12 inch casing to 14.1 ft.
20 concrete averaged about 14.1 - 85.5 ft
- L 9 min/f:. Drilling w/11-7/8 in. button
- bit on downhole hammer
— Average penetration rates drill, using 120 pounds air
-] in concrete pressure, 21 RPM, at 60
- 14.0 ft-32.0 ft 9.0 min/fic | strokes per min., using air,
30 1 32.0 ft-46.0 ft 7.0 ain/ft | water and foam to clean
= 47.0 ft-57.0 ft 9.5 min/ft { hole.
. - 24 57.0 ft-61.0 fr 19.5 min/ft| 2 compressors, 900 C.F.M.
e 61.0 ft-100.0 ft 9.0 min/ft]| each. Drill pipe 8 inch.
3
: 40 1 - W.L. 24 Jul 0.0 (Pumped ir)
- 5 W.L. 25 Jul 3.4
; 3 Hole to 40.0 fr, At 29.1 ft
* ] water running in.
N | 23 Gravity grouted to 23.0 ft
j 50 3 Significant deviations from| w/9 sacks cement and 1 sack
the average rates are Fondu.
3 shown in minutes per foot
- oL penetration beside a
- rick mark at the proper 57.0 to 61.0 feet operating
i b ~ 13 | depth. These rates are on 1 ccapressor.
60 -1 r 17 for the foot fmmediately
above the tick mark.
3
—_
3
-l
70
{ 3 94.0 - 95.0 drilled
1 6 w/16 inch calyx bit for
b B 12 inch casing seat at
- bottom of gallery.
80
873.0 — — 13 L W.L. 26 Jul Dry
1 Rebar over gallery W.L. 27 Jul Dry
] - Top of gallery 12 inch casing grouted in
u 20 gallerv ceiline and floor
=
- Bottom of gallerv
{ 866.0] 95.0 - 97.2 drilled [w.L. 27 Jat Dry
3 w/2-3/4X3-1/8 diamond bit [y 1~ 25 jul pry
» - for concrete density
L”‘n'n 100 L analysis
c-83
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PROJECT Chief

Joseph Dam

LOCATION Tendon Hole Closure Monolith C-2

SH 2 _of 2

MOLE MO, _Z5-DHH-4 B

CORE | DESCRIPTION OF MATERIALS

L 8 Soils Classification
o - Plasticity
BLOWS Cosditics
IFT Motstere
Color

REMARKS

Casing Depth, Dn':h ot Role at Start
& Bod of !I(ll ter Level at Start
& Bea of Bach Snift & Res, britlieg
Timm, Sise # l'yn of Bit, hetion
Drill, Rete of Pesetration, $ Yater
Lass or Retsrs, Vater Coler, Drilling

Top o drock 101.0

Plsid Data, etc.

L 11 [ard granite Pemetration
[rate in rock from 104.0 -
~ 16 {168.1 averaged about 27.5

3 min/foot.
i B
[Significant deviations
18 from this average rate are

jshown in minutes per foot

of penetration beside a
L. 16 Eick mark at the proper dept
These rates are for the foot
L- 20 linmediately above the tick
park
At 112.0
|8 ljointed granite

L 30 124.0 - 128.0
soft granite zoce

33

26

- 32 Bottom of hole 168.1

“f101.0 gravity grouted 12

sacks
11-7/8 inch bit change
at 104.0 fr.

104.0 - 109.0

Drilling with 120 pouads

alr at 60 strokes

per minute with water

112.0 no water or air returm.
Gravity grouted 10 sacks.

124.0 - 128.0
Penetration rate 5 min/ft

128.0 - 149.0
Penetration rate 25 min/ft
152.0 - 168.1
Penetration rate 57 min/ft

153.0 - 154.0

Drilling with 120 pounds
air, 5 gallons water/ain and
5000 pounds down preassure.

W.L. 162 6 Ave 75

Yob
AT E
P
1 T H% [}
1& 00" t
859.0 b
]
1101
848.0 -
3
=
pu
120 4
m
-
836.c | _A
832.0 -
130 1
=
140 7
150
807.0 3
806.0 o
160
—
791.9 170
-
-
—
pu
-3
p

101.90

109.0

112.0

129.0

148.0

161.0

163.0

Depths, water leveis and
dates as below.

No W.L. 28 July
No W.L. 30 July
No W.L. 30 July
No W.L. 31 July
W.L. 95' 31 July
W.L. 95° 1 Aug
No .L 1 Aug
ilo W.L 2 Aug
No W.L 2 Aun
No W.1 4 Aug
tNo W.L. 4 Aug
No W.L 5 Aug
No W.L 5 Aug
to W.L 6 Aug

SH2_ of 2 _
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PROJECT

(8]

S h
LOCATION Spillway Monolith 8 STA 19487

ROCK ORILLED
% CORE RECOVERED Not cored

DEPTH OF HOLE

DEPTH OF Concrete

NOLE MO, 27-Dii-3  §

INSPECTOR Moran

340.5 CONTRACTOR Covernment
210.0 DATE STARTED 9 Sep 1975
130.5 DATE COMPLETED 27 Sep 1975

SURFACE EL. 960.0 ft.

[

lllll ?llll_LLll

w
(=1
21t

.lLllllll

&~
o

lllll!]

S
=3

901.5

JAlr between bridge deck and
spillway ogee

Top of ogee 58.5 ft.

DiAM., HOLE 11//87 Button bit ¥ £
EQUIPMENT _ Reich Drill, Mission Series A100-10 Hawmerdrill
ﬁR CORE | DESCRIPTION OF MATERIALS REMARKS
D X
o Soils Classificatios Casing Depth, Degth of Hole at Start
Ar E o - Plasticity ¢ Bad of Shift, Water Level at Start
P Lo Coadition #il“ gf::‘:‘r?“::'s!:"agﬁg’:}
| T [ "| BLOWS Noist Dr’i'.li. Rate of ﬁutn!i;ﬂ. $ Vater
[} IFT isture Loas or Beturs, Vater Color, Drillia;
be0 Color Fieid Dats, etc.
3 0.0~0.6 ft., roadway, Failing 1500 drill, 16 inch
n concrete w/rebar calyx bit frea 0.0-0.6 ft
- and 58.5-61.2 ft.
3
10

Casing grouted in at bridge
dack and ogee

12 inch X;D. casing to 61.9 frc.

Downhole hammer with
1i-7/8 in buzton bit.

3 inch drill pipe.

Two 900 C.F.M. 125 P.S.I.
compressors to 211.5 fe,
two 750 C.F.M., 250 P.S.1.
compressors below.

Water and detergent added
s0 air.
7-20 R.P.M.

3
weled Sl

~
(=]

llll!JJ 1

o
-]

l)LlLLl

ho
j©

S
Gl

Concrete, 6 inch aggregate

ebar

s

-

Rebar

r—
| Rebar

Few soft zones

haho

1

Drill rate, 38 ain./ft.

9-12-75 67.8"
9-15-75
18 min./ft.

86.0'
9-16-7%

25 min./ft.

Err e




PROJECT Tendon Hole Chief Joscoh Dam

HOLE N0, 73~DHE-5

LOCATION Spillway Monolith 8 STA_19+37 SH2_ ofd
CORE REMARKS
0 OESCRIPTION OF MATERIALS
£ LB= Soils Classificatios Cu'lu.:o!;:.' De t: d‘:'ol; 0: g:.::
1 { 14 ¢l & L3
\' P S T Plastciy & Bed of Bach Buife & Bus, Drilling
] Lo BLOWS " Coeditiocs Time, Size & fy;: of Bit, Actios of
T G Drill, Bate of Pusetratios, $ Vater
% /FT Noistere Lass er Betars, Vater Color, Drillisg
l()&' Color Pleia Bata, etc.
3 Changed bit, 4 buttons
missing
9-16-175 106.0
- 9-18-75
110 1
3
-
120 9 Sevp into
= upper gallery 16 min./fc.
130 9
]
-~
l!sf)1 Stuck on retar @ 146 ft.
3
. —3 9-18-75 146 fe
714 - — Rebar
- 9-19-75 five hecurs pulling
150 drill pip: included in nex:
~ day's drill rate. 146 ft
-
. 9-20-75
-— 60 min./i-.
. a
3
160 \ 156 ft
. 9-21-75
- 11 win./ft.
p
-—
170
=
38
-
—
1')0%
J
=
-
-
750 200

Sh_2_ of &
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PROJECTTendon Hole Chief Josoriv Dam

HOLE NO, 5-DHH-5

LOCATION Spillvav Mogolith &  STA 19+87

SH__3 of 4 _

> CORE 1 DESCRIPTION OF MATERIALS REMARKS
’ g Sails Classificatios Casisg Depth, Depth of Mole at Siart
A‘, 1 o - Plasticit & 8o of Shift, Vster Level st Start
P LD Condi ! Lo g:xh'f"“;r.n“"ABI::P:’
", '
! T G "l BLOWS Noul““ Orill, Bate ﬂ'gnuulo-, $ Yater
/FT oistare Loss or Retars, Yater Color, Drillisg
20(;' (4 Color Pleid Dsta, etc.
-
750 210 9 Base coacrete 210 s+, New bit at l11.5
Top rock- 9-21-75 2.5
- Hard granite 9-22-75 to 9-25-75
= with hard No drilling. Drill rate
- dixes, jointed and and bit change times in
- faulted. -25-75 drill rate belew.
22C o
3 9725-75 215.5 fc
] ate 99 min.f=. with bit
- hanger Rate for drilling
- aly 13 min./fr.
230 1
3
n 222.0 £
-j 9-26-75 222.0
-
-
240 9 6 min./fL.
-
3
3
-
252
250 B
- Sof:z zones
-
-
b+, ] = Ci ozeug
3
-
-
3
p3o
3
290 3
pm
Wao B00
SH3__ of _*
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PROJECT Tendon Hole Chief Joseph Dam HOLE NO. _75-DHH-5
LOCATION3pillway Monolfth 8 STA 19+37 SH_4_of 4
) CORE | pESCRIPTION OF MATERIALS REMARKS
i g Soils Claseification Casing Deptd, Ilz:l of Role at 3tart
£ o = Plasticit & Bad of Sbift, Water Level ot Start
AR ot {15 2 Bl sy
R 2
! T 6 “, BLOWS ”““““ br‘?x'l, l:: d’:-urnlol. § Vater
c {FT olatere Lase or Reters, Vater Color, Drillisy
303‘ Color Piaid Dats, etc.
g
210
— 9-26-75 316’
n 9-27-75
o
po
329 7 Rate 21 min./ft.
4] [ Sof: zore
332 9
3
JE‘H 5 P ] 9-27-75 340.5 ft
E Bottom 340.5
150 4
=
3 IotEs :
pn 1. Drill rates include timefrequired to add Jdrill pipe,
] change bits azi clean hoje.
3 2. Drill rates ic not inclu§e down time for fabrication
of equipmenz, and digiti]t survevs and repairs.
3

c-88




PROJECT

LOCATION Spillway Sta 20+08 Mono 7

DEPTH OF HOLE

341.2 CONTRACTOR _Mobile C of E

DEPTH OF CONGREIE

2136 DATE STARTED

ROCK ORILLED

127.6 DATE COMPLETED _10 Oct 75

% CORE RECOVERED,

987 CURFACE EL.

DIAM, HOLE _3-25/32 inch HQ, Reamed to 11-7/8 inch W €

HOLE N0, 75-RD-6 ___§
INSPECTOR __ Zirkle

S Sep 75

960.0 feet

€QUIPMENT

SK(“r

e

CORE
&
o

DESCRIPTION OF MATERIALS

Soils Classification
Plasticity

)

bAQAdE

=4 m
©
= —
o'
=

BLOWS
IFT

Coadition
Mossture
Cotor  Bridre Deck

0 _for HQ VYireline, Fafling 2000 for Reanming

REMARKS

Cagiog Depth, Destd of Wole st Start
3y as of Shifr, ‘ll!r Llevel at Start
& 23d of Back Shaft & Res, Drillaeg

Tiew, Size & fyr of Bit, Actios of

Driil, Mate of Ffesetratios, % Vater

oss or Retors, Yater Coleor, Drillisg
Ple:4 Data, etc.

|

ILJJI

(o
=
wES]

Llllllll

rD
(=3
i

.Illlllll

o
(s}

.llllllll

i~
=

9Cl1.5

0.0 - 0.6 ftr
concrete w/rebar

Drilled with 16 inch caly:
& steel shot

Air between Bridge Deck
and Spillway Ogee

Too 9f Ouee 58,5

Drilled with 16 inch calyx
bit from 58.5 ft to 62.3 ft,
pulled core plug and set

12 inch casing to 62.3 ft.
Aligned casing, wedged and
grouted bottom.

4 inch casing installed
inside 12 inch casing
usirg disc spacers. & inch
casing to 62.4 ft

62,3-341.2 fr

Hole drilled with Failing
1500 drill using wireline
with HQ diamond bit,
3-25/32" dia.

Rotatien, circulation and
weight on bit varied by
driller.

837.7

[N pn
o =
LLlllll llllllll llllllll

o
o

Lllllljl

o]
o

Concrete froao
58.5 to 213.6

63.0 ft unbonded lift
joint

75.0 ft unbonded lift
joint

Illlll

b
(=]

llllj

85.0 ft unbonded 1ift
joint

L1

L*BG0.0 100

62,3 begin drilling with
diamond bit 0331050

No wazzr levels.

Run A
D9.2 C5.2 L0.0 D71.5

Runs B-D

D27.1 C27.1 L0O.0 D98.6

Rates of penetration include
rod in and out times
62.3-39.0. Rate of
penetration averages about
16 min/ft

89.0C installeZ new diamond
bit C3B539; old bit has
flat surface

E—

c-8@
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PROJECT __ Chief Joseph Dam MOLE %0, 2S-RD-6____
LOCATION Mppptgen 7 Saiiivay 1, Sta 20+08 SH_2_ of _4&
CORE | DESCRIPTION OF MATERIALS REMARKS
° ) g Soits Classificatios Casing Degth, Degth of Fole st Starc
E o -~ Plesticit & Bad of Suife, ¥ater Lavel st Stert
*f [ 4 |.0 c sevicity :ih‘ ;{ hc.l’hil:'b.::l.‘:::::l:;
! 1 y H |BLOWS :“"“‘ ptrﬁ. Rate of Peactrative, § Vater
% IFT olatere s or es, Vater Color, Drillieg
Sol 108 Color Plaid Dats, wtc.
- b inch minus aggregate
3 E concrete uns E-I
— p38.0 €38.0 L0O.0 D136.6
b 89.0~127.1 rate of
110 9 F 105.0-109.0 ft soft zone penetration averages about
11 min/ft
-
-
o G 115.0 ft unbonded lift
120 9 joint
3
s H 125.0 ft unbonded lifc
- joint 127.1 i{nstalled vew diamond
- jbit 03B529
130 1
- 130.0 ft unbonded lift
5 1 joint
e ups J-M
140 1 P36.8 C36.8 LO.0 D173.4
7 J 143.0 fr unbonded lift 127.1-154.9 rate of
- joint penetration averages about
3 13 min/ft
-
.=~
100!
] I 54,9 installed new diazond
7 bit 03BS53?
1554 1 ]160.5 ft unbonded lift
= joirt
= 165.0 ft urbonded 1ift
o M joint
176 9
-
-y
e 175.0 ft unbonded 1ift l;uns N-Q
Joint 29.0 C29.0 LO.0 D202.4
] N
130
q 18).5 installed new diamond
- Lb:'u’. 9PC2049
-4
-
I
0
jun)
—
3 P 194.2 installed new diamond
= bit Q3IBLOL9
- Q
0.7 L2
SH.Z. of L4




PROJECT _Chisf losanh Dam

NOLE %o, 75-RD-6

LOCATION_ Monolfth 7. Spillway 3, Sta 20408

SH_3_of _4_

CORE

i‘ 0 DESCRIPTION OF MATERIALS REMARKS
L g Soile Classificatios Casing Depth, Depth of Bole st Stert
‘( ¢ S T} asticiy & Bed of Shift, Vater level st Start
Pl Condits Tirme Stse s Trna ot Bt erlon of
! T G “t a;ggs ““l":. 2:.“.1' I;u u"sn(ué:':-. !’:ynl""
. ter . i
760.8’5 204! Color Ploie Daca, ate. O
3 205.0 ft unbonded 1ift uns B-S
2 joint 19.1 C19.1 L0.0 D221.5
- R Concrete tightly bonded at
210 9 rock contact.
Yau.e n Top of Bedrock 213.6 ft
-
3 S
-
220 o
3 uns T-V
A T 29.3 €29.3 L0.0 D250.8
E J156.9-305.0 rate of
230 o penetration averaged about
p 11 min/fe
— U
240 L
3
3 i
b v
3]
250
3 Run W-Y
- W Di8.1 C18.1 L0.0 D258.9
260
— X
- 269.0 installed new diamond
270 7 Y bit 9PC208C old bit flattened
out
2
-
s Runs Z~AA
p— D16.6 C16.6 L0.G D225.5
280 4
] A 285.5 1 4 d
- . . 5.5 installed uses diamon
- 285.5-282.9 ft gouge z3me bit 0381049
290 ] AB Run AB
= - £5.8 C2.4 L3.4 D2%1.3
3 AC
- 295,0-300.0 ft soft zoze 291.3 installed new diamond
= th bit OPC1459
#60.0 300 AE Runs AC-AF

D14.7 C14.5 L0.2 D306.0

SH._3_ of 4 _




PROJECT Chief Joseph Dam NOLE MO, 75-RD-6
L]
LOCATION _ Monolith 7, Sofllway 3, Sca 20408 SH of
i‘« b oo | OEscRIPTION oF MaTERIALS REMARKS
£ Soils Classification Casisg Deptd, lh’u of Nole st Start
N o Plasticiny 4B ot !:ut astor Level st Start
[ & Sad of Rach Sbife & Rus, Drifls
{ 1 l'b n {sLows Cosditios Tism, Size & Type of Bit, Actios
& 6 t JFT Notstere Drill, Rate of :'uluélu. 3 Yater
460, 30(" Cotor "'“-'n“:'u::;. ster Color, Drillipg
= AE Runs AG-Al
- D13.1 C12.9 L0.2 D319.1
. — AF
3 A Installed used bit 03B1050
310 9 @ 306.0, new bit QPCl461
p= @ 308.1, used bit 03B529
] AH @ 316.3, new bit 0PC1460
e 315.0-317.0 ft closely @ 316.1.
B jointed zone 05.9 - 341.2 fr.
.3.,0': Al ate of penetration average
= — bouz 42 min/f¢t.
. A Run AJ
] D9.2 €9.2 L0.0 D325.3
3
330‘: AIM\i Runs AK-AO
=LA D2.8 C2.8 LO.0 D331.1
n e AO
- Run AP
b AP D10.1 C10.1 LO.O D341.2
518.2 [3437
2 Bottom of hole 341.2 ft  [|W.L. 22 Sep 82.8"
» HQ hole grouted with 30 sacks type III HyEarly cement
b= (3 sacks to 33 gallons of water)
7 Grout drilled out with HQ wireline, 43.1-34C.0 ft.
o 3Q hole reazed to 11-7/8 inch diameter with Hughes
: Quadracone bits with center guide to follow the HG
- hole. The Quadracone bits wvere weighted with 27,000-
- 43,000 pounds drill collars and rods and powered with
7 a Failing 2060 truck-mounted drill, water circulationm.
3 Bit Model Depth Reazing Rate
= J-t4 60.0-140.0 ft 17 ain/ft
- J-55 140.0-227.9 ft 8 =in/ft
- J-33 227.9-341.0 ft 7 nin/ft
- At 224.0, EQ pilot hole clogged with cuttings.
- washed out hole with 3-7/8 inch tricone bit, water
= and air to 296.0 ft. Installed 3-7/8 inch tricone
= bit on center guide of J-33 model. Drillinz went
n smoothly to bottom - 341.0 fr, water circulazion,
:1 The rotation, circulation and weight on bit was varied
e 3y driller.
-
—
7

SH_4_ of _4&
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Tendon Hole 75-RD-2 in Spillway Monolith 8.

Major Equipment.
The hole was drilled vertically with a

Yailing 1500 truck-mounted rig with both Kelley rod, chuck and

a 42-foot mast. A single-tube, 10-foot long core barrel and bics
were fabricated by the Corps of Engineers from stock 10 inch casing.
Bit dimensions were 10.132-inches 0.D., 9.125 inches 1.D., and 8-
inches long. Diamonds were sieve size D-E, track 6-7, face stonss
2010, 0.D. gage and 0.D. kick 160, I.D. gage and kick 160 and total
stones 2650. Above the diamonds, the bit shell I.D. was machiped
to 9.275 inches to retain core springs of several designs. A
commercial single tube barrel with bit 10.122 inch 0.D. diameter,

a 6x7-3/4 inch standard double tube core barrel and a 9-7/8 inch
tricone bit were also used. Two trolls or drill collars of hole
diameter were used above all barrels.

Drilling Procedures.

A 14-3/4 inch diameter hole was
drilled through the roadway bridge deck and into the concrete of
the ogee to elevation 900 feet with calyx barrel and steel shot.
All drilling was done with stoplogs in place and tainter gate closed.
Twelve-inch 1.D. casing was placed through the roadway deck and
grouted 1-1/2 feet into the concrete ogee. Concrete and rock were
drilled with the 10.132-inch 0.D. barrel to elevation 698 feet.
Core springs froze, heated and failed to lift core. Runs were
short and, after the first few feet, drilling was without core
springs. Core was removed with worn slotted bits or worn bits
with sand poured down the rods. Core was broken with downhole
wedges. Where core could not be removed, it was tricomed
out with a 9-7/8 inch bit. To avoid the core lifting problems,

the hole was advanced from elevation 698 feet to elevation 656.8
feet with a standard 6x7-3/4-inch double tube core barrel, reamed
with a 9-7/8-inch tricone bit and reamed to final tolerance with
the single tube 10.132-inch barrel. A coumercial single tube
10.122-inch barrel, with bit and shell was used from elevation 656.8
feet to 650.3 feet. Below elevation 650.3 feet, the hole was ad-
vanced again with the 6x7-3/4-inch barrel, and reamed &s before
with a 9-7/8-inch tricone and 10.132-inch core barrel.

Bit Footage.

The Corps of Engineers-fabricated 10.132-inch bits
drilled from 2.3 feet to 8.3 feet per bit. Commercial 10.132-inch
bits, with slightly larger diamonds, drilled 3.3 feet to 19.6 feet
per bit. Bit footage was generally limited by diamond crushing or
dismonds tearing out of the matrix. The diamonds generally were
not flattened or polished by wear. One new commercial 10.132-inch
bit and shell, used with a single-tube barrel, broke after 6.5
feet of drilling with the diamonds showing no apparent wear. The
standard 6x7-3/4-inch bit with double tube barrel obtained 36.2
fest of hole advance.
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Time Studies.

Overall coring rate with 10.132 inch diamond bit in
concrete and rock was 39 minutes per foot actual drilling time.
Core retrieval was 28 minutes per foot. Downtime for repairs,
waicing for replacement bits, and field fabrication of tools and
parts, plus all other downtime, was 50 minutes per foot. The total
of all operations was approximately 2 hours per foot. Standard
6x7-3/4~inch core barrels showed a rate of approximately 30 minutes
per foot including core recovery and removal from barrel.

Alinement. Hole alinement was checked at intervals
with a Digitilt (inclinometer with aluminum rods for azimuth) run
down the drill rods. A Digitilt survey to elevation 650 feet and
a plumb-bob survey to elevation 820 feet showed hole alinement to

be within one foot horizontal to 200 feet vertical overall.

Water Leakage.
Rate of water loss with casing full was

used to determine leakage in the hole. This method was abandoned
when leaks developed at the base of the 12~inch casing where it

was grouted into the ogee concrete. Morning and evening water
levels were then used to determinme overnight leakages. The hole

was checked after completion by blowing out the water with com-
pressed air and measuring the rate of water rise in the hole. The
highest rate of inflow for the entire hole was 9 gallons per minute.

Grouting.
Leaks were gravity-grouted as the hole advanced.

After completion, the hole was gravity-grouted up to depth of 171
feet. The grout was drilled out. Water inflow for the entire hole
was reduced to 3 gallons per minute.

Major Equipment. Single tube barrels with core
spring heated the spring and rendered it valueless. Core blocks
occurred at short intervals. Bit footage generally was limited by
diamonds being broken or pulled from the matrix and not by diamond
wear. The runs were limited by core blocking in barrel. Core
breaking with in-hole wedge and removal from hole with slotted
"0ld bit" plus sand poured down rods was costly in time. Removal
of bit and shell from barrel with chain tongs frequently bent the
shell and barrel and removal by cutting torch was commonly required.
Hence, metal thickness of bit, shell and barrel was not adequate.
Drilling with double tube core barrel followed by reaming was
satisfactory.

Tendon Hole 75-DHH-3, Intake Monolith 21.

Drilling Data.
A

3~7/8-inch hole (75-RD-3) was cored to a deoth of 251.4 to obtain
information on concrete and rock. Anm 11-7/8 inch diameter dowmhole
hammer hole (75-DDH~3) was drilled in this same location. The
cored hole was grouted and not used as a pilot hole for the
downhole hammer. An 11-7/8-inch button bit, actuated by a 100-10
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! Series, Mission Hammerdrill and two 900 cubic foot per minute capa-
city air compressors, was used to drill through the concrete and
rock to a depth of 201.5., Drill pipe was 8-inches in diameter.
Drill rates ranged from 5 minutes per foot with new bits to 60
minutes per foot with worn bits. Two bits were used. Drill rate
averages were approximately 6 minutes per foot in concrete and
16 minutes per foot in rock. Downtime for all reasons was
approximately 13 minutes per foot. Twelve feet of casing was
misaligned and deflection of hole from vertical exceeded specified
alignment tolerance from top to bottom of hole. The hole was
backfilled with concrete. Redrilling started on 16 July 1975
and continued until 20 July. The drilling was halted when the
redrilled hole followed the initial plugged hole. Equipment for
redrilling was modified prior to an attempt to improve alignment
of the hole. The top and bottom of the hammerdrill were enlarged
to 11-7/8 inch diameter and the lower 20 feet of the 8-inch
diameter drill pipe was stabilized with a 11-1/2 inch diameter sleeve.

Tendon Hole 75-DHH-4, Closure Monolith 2,

Drilling Data. The hole was drilled to a total depth of
168 feet, of which 100 feet were in concrete and the
remainder in rock. Equipment used was a Mission Series
100-10 Hammerdrill built up to 11-3/4 inch diameter, with
1 an 11-7/8 inch button Hammerbit, 8 inch drill pipe and

11-3/4-inch drill collars, powered by a Failing 1500 drill

and two 900 CFM, 100 to 120 psi, Compressors. Drill rates

averaged 34 minutes per foot including bit changes, adding
] drill pipe and cleaning the hole. Hole alignment was within
A one foot horizontal to 200 feet vertical overall.

: Tendon Hole 75-DHH~5, Spillway Monolith 8,
Drilling Data. The hole was drilled to a total depth of
340.5 feet, of which 210 feet were in concrete and the
remainder in rock. Equipment used was a Mission Series
100-10 Hammerdrill built up to 11-7/8 inch diameter, with

a 11-7/8 inch diameter botton Hammerbit, 8 inch drill pipe
and 11-3/4 inch drill collars, powered by a Reich T-750 drill.
Two 900 CFM compressors were used for drilling to a depth of
211.5 feet and below 211.5 feet, two 750 CFM compressors rated
at 250 psi were used. Drill rates averaged 18 minutes per
foot in concrete and 17 minutes per foot in rock, including
bit changes, adding drill pipe and cleaning the hole. Hole
alinement was within one foot horizontal to 200 feet vertical
overall.

Tendon Hole 75-RD-6, Spillway Monolith 7, Drilling

Data. The hole was cored to a total depth of 341.2 feet, of
which 213.6 were in concrete and the remainder in rock. A
HQ wireline powered with a Failing 1500 drill was used. The
hole was then reamed to 11-7/8 inches with Hester modified
Hughes Quadracone bits, Models J-33, J-44 and J-55, with

( guides following the HQ pilot hole. The quadracone bits with
drill collars were powered by a Failing 2000 drill. BHQ drill
rates averaged 21 minutes per foot and rcaming rates averaged
24 ainutes per foot. Repairs and other downtimes were not
included in these rates. Hole alinement was within one foot
horizontal to 200 feet vertical overall.
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MHele Me. 75-RD-50

DRILLING LOG | e \PS L,,ﬂ"lI ers

9. MIE AND TYPR OF MY

HH]HHI’WII]TIIIFIIIIIlIl[TTllrﬂlllHlllHH'W”T”H]ITHIIWIT”H[IITT

33, 820.99 T NARUF Y ORER T SRR AT R S A |
o AN T an r-w-uo :Tm'—'—_
75-RD-50 i
14, TOTAL NUNMBER CORE OXES
15, ELEVATION GROUND WATAR
. DATE %o ITARTED jcomrLaTRn
COewavicac [WCLEo . SR FROu VRAT. . . 9 Oct. 1975 {15 Oct 1975
17. ELEVATION TOP OF HOLE 959.2
el L 72.5 0. TOTAL CORE RECOVERY FOR SORING .
. OLPTH OMILLED WITO ROCK 17.2 ™ SIGNATURE OF INSPECTOR
5. TOTAL DEPTH OF HOLE 89,7
eLevar ‘ CLARSIFICATION OF MATERIALS cont |eox REMARKS
vavion| oePTH |LEGEND| oy Xe u:z?i (Dusting coma, roie toss, depin ot
L] 1] 3 4 . [ e
959.2 0
-
10_]
—
3
-
20—
-
—
=
307
-3
3
; -
N 3
=
50.;:]
S -
893.2] 6Q =
3 SAND W/ gravel, wet, brown T N=32
894.2 ] |
- Sandy GRAVEL W/ cobbles Z!U"ﬂ
3 dense, wet, gray
GP
70_§ I
886.7 -
- Top of Bedrock
~—] granite, gray
807 ally
- »
3 [~
r69.5| 30 . E_
- Bottamn of hole @ 89. » -
3 -y
3 -
10! 3 E_
ENG PORM % e
A 1836 PrevioUs EDITIONS ANE OSSOLETE. Chief Josesh Dam l 75-RD-50
(TRANSLECRNT)
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Hele Mg, 75-RD- S0A

W LI
NPD NPS orl seers
10. SI1ZE AND TYPE OF BIT
. -
-’l.
9 E 2,2‘53, 818.77 WU ACTUREN§ DESGRATT BATCT
Y
T e e e
! 75-RD-50A :
14. TOTAL HUMBER CORE BOXES
18. ELEVATION GROUND WATER
8. DATE NOLE |s7AnTR0 !‘”L.'.o
[OventicaL [JiNCLINED _______ O6. FROM VEAT. | 16 Oct 1975 i 17 Oct 1975
17. ELEVATION TOP OF HOLE 959.2
b, v or ove 60
18. TOTAL CORE RECOVERY FOR *
8. OEFTH DRILLED IMTO ROCK 0 15, SIGNATURE OF INSPECTOR
. TOTAL DEPTH OF HOLE 60
CELEVATION] DEPTH [LEGEND] CL‘.".C(‘M““ 0‘::"“'"-’ :!:C.?'V‘- :‘oésn (MM'“:':.:!:?‘.-‘:%‘.:‘M“.“
- b < 4 . § "
959.2 g Alternating layers of Sandy -
3 @ GRAVEL and Asphalt Concrete —
952.2 . sy NET7 I =
3 GRAVEL w/ cobbles & [~
949.2 (10 9 @ |pboulders =
- Gravelly SAND, medium, moist] L N=21 =
. brown —
3 s =
940.2 |, 3 =
939.2 - 1= \Gravelly SAND w/ cobbles [
- L N=57 —
- @ [Sandy GRAVEL w/ cobbles, —
. v. dense, wet, brown -
30 3 =
928.20 —] [
N=42 =
926.7 s ) SAND, dense, wet, gray L -
e -
] @ |Sandy GRAVEL w/ cobbles, -
919.2 |40 v. dense, wet, gray -
- N=34 —
- SIlty Sandy GRAVEL, V. densd, I —
3 wet, gray —
— —
g m —
- —
50 - -
906.7 b I N=65 -
. SAND w/ gravel medium, wet, =
- brown -
~ sp [~
899.2 {60 3 -
- Bottom of hole @ 60.0' —
- -
.j ':
70 3 =
- C
80 -
pu—— p—
—: r
90 -
I~ -
— -
- -
100 ~1
.'&m“ 1836 rrevious zoiTions ane oseorETs. FROJECY Im g
Chief Joseph Dam 75-RD-50a

{TRANSLUCENT)
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Hole No. 75-3D-51

NPD

mm

¥
lor 1 sweers

U (7] 1

-..no. Ao slwwn on drowing mlo!

19. HIT AND TYRE OF BNV
. BATON VOR ECTVAYION YROWK (YOI o« ML

CIvenrican [JincLingo

. otaL us,&%\‘n'.‘_;_'m'ﬁ‘ “[wauvuuo
¥ 75-RD-51 — .
18, TOTAL NUMBER CORE SOXES
18, ELEVATION GROUND WATER
STARTRD [comrLE YD
ote. rmow veny, | "4 PATE HOLE j 18 Oct 1975 21 Oct 1975

959.3

17. ELEVATION TOP OF HOLE

L el 56, 18. TOTAL CORE RECOVERY FOR BORING .
. DEPTK ORILLED INTO ROCK 17 [ ¥, SIONATURE OF INSPECTOR
9. TOTAL ORPTH OF HOLE 73
Py HCATION OF MATERIALS a5ont [sox wn REMARKS
CLEVATION] OEPTH L Doocsiption) gCOV- [SANpLE (Detiing thma, woter looe, dopth of
. . . . .V N'O- wealhoring, HC: H eigniticard
939.31 0 ] Alternating Layers of Sandy -
- GRAVEL and asphalt concrete [
953.3 —] [
- Sandy GRAVEL, medium, moist. [~
— brown —
3 I N=20 —
944.8 - N=28+ =
o | Sandy GRAVEL w/ occ. cotbles} I =4 —
940.3 h~ dense, wet -
20, S1lty 3andy ORAVEL, dense, — .
? wet, gray I N=36 -
- -
— [
q o -
—1 -
30_: ’[ N-31 -
3 [
925. 3 — -
— Gravelly SAND, medium-dense, 18 N=28 —
I wet, qgray ;
919.8 1
19-8] 40 sp I v-14 -
- =
914.8 [~
3 Gravelly SAND, medium, wet, | 1 N=25 [
3 brownish-gray =l
50 sp .
3 -
903.1 I N=26 —
- Top of Bedrock =
60, _—j Granite, hard, gray ;_
= -
893.5| - |
3 Basalt, dark qgray -
889.8 7 -
0} —
~ Granite, gray =
p -
885.8 = \ — -
T Botian of hole 8 73.5 -
—— p—
3 —
80_"] .
3 -
3 -
._-.; :—
“3 3
3
= -
- .
- -
100 ~ -

ENG PORM 1§ 3¢ paavious eoimions an ossoLeTe.

MAR T

(TRANR.UCENT)

Chief Joseph Dem

c~-08
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Hole No. 75-RD-52
T

orl

(¥

NPS SHEE TS

SIZE AND TYPE OF MY
-

12. MANUFACTUREN S OLHIGNATION OF DRILL

MAR 7S

(TRANSLUCENT)

. ;3:3&' A::L%,‘.ﬁ‘!- !u"m.ln % UNODISTURBERD
14, TOTAL cong OXES
15. ELEVATION GROUND WATER
15. DATE HOLE STARTED !coun.cvto
[veanncar [Jinevineo ose. rmow vanr. | 22 Oct 1975 _: 29 Oct 1975
- - 17. ELEVATION TOP OF NOLE 949.0
h: ' 10, TOTAL CORE RECOVERY FOR .
DEPTH DAILLED INTO ROCK . SIGNATURE OF INSPECTOR
. ToraL oEPTH OF HOLE 81.8
‘ CLASSIFICATION OF MATERIALS 5 come [sox on REMARKS
ELEVATION u-:u LEGEND)| m...,.,‘ 4 Recov- u=':,.l (Priling thes, mates lane, depth ot
L] (3 [] [ ]
iSEd = Rockfill w/ Silty Sandy =
345.0 GRAVEL, brown -
-3 Rockfill w/ Sandy GRAVEL, —
- dense, wet, gray -
10_3 =
3 I =
20_] —
3 -
921 3 =
30 - Silty SAND (fine) w/ fine -
- gravel, loose, wet, brown I N=5 —
3 =
g n
909 |40_- =
: Silty Sandy GRAVEL, medium, | L N=17 =
-] wet, brown -
i e —
50 _ =
- @1 | Silty Sandy GRAVEL, dense, T N=40 —
896.0 -] wet, gray —
— SAND w/ fine gravel, medium, —
3 sp | wet. brown -
889.5 |g0 3 —
Sa) 1 , . [
? sp br\lD w/ gravel dense, wet I =20t =
LoV -
885.3 . | bBoulder -
_— Top of Bedrock —
E Granite, close jointed, E
70 _= hard, gray [
80 —
867.2 - [
] Bottom of hole @ 81.8' -
90 ull
— —
3 -
b 100 T TTT33 WOLE RO,
ENG PORM 18 35 pagvious KoiTIONS ANE OBIOLETE. MEc -

Chief Josenh Dam 75-RD-51

c-99




PROJECT Chiel Joseph Dam

LOCATION llSP!C'Wl_nm

DEPTH OF WOLE_ 57.%° CONTRACTOR

OEPTH OF 0.5, _57.3' SATE STARTED. 1 Sep 82

ROCK DRILLED __0.0' DATE COMPLETED _4 Sep 82 |

NOLE %0, __g2-R0-1n 1§

% CORE RECOVEREDN/A SURFACE EL. 956.2°
DiAM, NOLE__ 4° n__364,284 E_2,201.638
EQUIPMENT Mobile B-80 Rotary Wesh
‘lﬁ R CORE | peschipTION OF MeTERIALS REMARKS
3 ’ g Seils Classification ﬁ‘}"' Deptd, Deptd o(ch'.: s ;::::
A lb e~ :::"‘"' ;:: of l:g‘hn::';‘h .ub:uu:’
] 7 [ [sows] et T e R o
% N t I3 stere Loss er Beture, Vater {iloe, Drillisg
Caler Pin:d Dats, etc.
= Silty Sandy GRAVEL, GM, w/|Drilled w/4" casin:, water cirw
952.7 -« _ numerous cobbles, occ culation and 3-1/2" tricone
— n boulders (1.5'), (angular)bit.
- (loose), dry, lt. brown. Drilling generally very slow
i (Rock Rubble Fill). and difficult, 0-20% DFR,
10 B S — —= —dq 80-90% DFR from 37.7-57.5
e ry Shot 2, 1/3 1b sticks kine-
- pack @ 10.,0' and 16.0°
— Sandy GRAVEL w/silt, GP-GM
- numerous cobbles, ocec. 1 Sep 82 W.L. Dry
20 3 boulders (1.5'), (angular)}}
- B loose - medium, lt. brown 2 Sep 82 W.L. Dry
- (Rock Rubble Fill).
932.2 3. b e e - - e — = —— ~. | Shot 2, 1/3 1b. sticks kine-
— pack @ 23.0'. Casing
= C deflected, 26.0'.
4
30 ] Sandy GRAVEL, GP, w/numer-] 2 Sep 82 W.L. 30.1°'
- ous cobbles, occ. boulders
3 b {1.5*), (angular), sedium,["
- wet, lt. br. 3 Sep 82 W.L. Dr:
918.7 4 _ L\ (Rock_Rubble Fill).
T RS
- 3 Sep 82 W.L. 30.0'
913.2 - Silty SAND, SM, (v. fine),}
b T sl. p., wet, medium, 9r./ | 4 Sep 82 W.L. 29.:'
-1 \—br.. isolated thin laminse
3 of clayey silt. Tvisted 7.0' of drill tools
“ g - == = = 7| off in hole - retrieved.

lul
o
lllllll

898.7

SAND, SP, (fine), wet,
dense, orange/brown, OccC.
indistinct bedding.

Top of rock $7.5°.

Ll

&
o

llll:lll

~J
o

lllllLLl

-
(=]

(=]

llllj AJlLlllll

Nyl

B

\ Total depth 57.5'.

Broke casing € 3:.5' joint
while driving te $5.7°'.
Retrieved casing leaving
17.5'+ shoe in hole, 32.2'-
L 49.7".

4 Sep 82 W.L. 38.<°

Samples A-G w/3° split
spoon drive sadpler using
3600 hammer.

Installed 2~1/2" 1.D., Sch 80
P/C pipe. Slotted 2 1.0
intervals, 37.3'-57.3°.

11 Sep 82 W.L. 37.9°

Blew water from piezometer
for 8 min. W.L. recurned
from 47.7'39.4' in 126 min.
E.4.L. (37.7') tesched by
1300 hrs., 13 Sep 3.
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T’TWWAT ;-

I ProsecT

LOCATION

—left _Abutaen
DEPTH OF NOLE__S0.§°

DEPTH

ROCK DRILLED _21.6° DATE COMPLETED 7 Sept 82
$ CORE RECOVERED__100% SURFACE EL. __952.n
DIAK. NOLE__4°/3° N_164.128 € 2,201 620

__ WOLE w0, Aa2-gp-2 |

OF 0.5. _29.0° DATE

N INSPECTOR __ Karaba
CONTRACTOR ... +s

STARTEDS Sept 62

EQUIPHENT mobile B-A0
e
'1!' CoRe | o

DESCRIPTION OF MATERIALS

REMARKS

[} | X
$Soils Classificatios Caning Dupth, UQ'I. of fele ot Start
© Level ot 8
y (% \ e 2] nuuew P B B i b
. ine, it, Aetios
! 1 'tG o [sLows| Costiuie Her Rare ot Rencratice, § Vator
E N t I?T Rotstere Loss or Retera, Water Color, Drillasg
Color Flvid Dats, etc.
= Sandy GRAVEL w/Silt, GP-GM [Overburden drilled with 3-1/2°
- Numerous cobbles, (11°), Ocd.tricone bit, water circulation
— Boulders (1.5'-2.0'), " casing,
= (angularj, ND, (loose), (dryf),
A Lt. Br.
< (ROCK RUBBLE FILL)
- Prilling gen. v. slow and dif-
- ficult. 0-20% DFR.
- Grades to cobbly sandy Hole deviating from vertical
s GRAVEL w/silt, 16.0°~29.0'. B Sept 82 WL DRY
20 1 6 sep 82 WL DRY
Noid in rubble fragments, Cont'd difficult drill.
R3.5°~25.2", Shot 3, 1/3 Lb. sticks xinepm‘

933.

882. 4|

JqulLJhlll
"
0

5
adll

Allllllll

4

A 'op of rock 29.0

16.5°' and 23.5°.

"GRANITE® (LAMPROPHYRE to

L) 5,0°)
Park gray to white, gen.
R resh, very hard, widely

ppaced joints, generally
Emooth-moderately rough,
C Blightly FeO stained, OCC.

lightly infilled w/calcite,
faintly slickensided. Joint
D ngles gen. 20°-40° from

horiz. occ. 60°-70°.

6 Sept 82 WL 24.2°

7 Sept 82 WL 28.0°
Began coring & 29.1 w/NXMW
core bbl. & diamond bit.

Runs A-E O\ DFR (poor casing
seat on top of rock).
Installed 2-1/2" I.D. Sch 80,
PVC Pipe, slotted € 1.0°
intervals, 20.4°'-50.4".

Bemoved drill casing.

.lljljll

3

.lnll\lLl

~
o

lelllll

@
o

lLllllllf{lljlllll

[
(-
o

Fotal depth, S0.6' soil
escriptions based on surfac
bservation, DFR and drill
ction

0il sample "A® attempted
/3° split spoon dArive sampl
sing 3604 surface hammer.
ecovery 0% and destroyed
Eampler shoe in attempt.

drock sampled continudusly
w/NX core barrel, diamond
pit.

7 Sept 82 WL 2¢.2°
8 Sept 82 WL 28.1'.
11 Sept 82 WL 28.5°

Blew water from piezometer for
8 min. WL returned from 45.0°+
30.8" in 150 min. S.W.L.

(28.5") was reached by 1300 hrg
qr 13 Sept 32,
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PROJECT Shief Joseph Ram NOLE #0. a2-a0=3 ’
DEPTN OF MOLE _g4.9* CONTRACTOR "®

] DEPTH OF 0.5, _86.8° OATE STARTED _ 1O Sept 8:
ROCK DRILLED _12.9° OATE CONPLETED )6 Sept 22 |

$ CORE RECOVERED__100% SURFACE EL. _ 96%.9°'
DIAN. NOLE__ ¢°/2° N__364,180 £ 291,744
W“""m-._m%aw;_me-_s_»
CORE ' oESCRIPTION OF MATERIALS REMARKS
0 L 8]  sotie Claseitication Caniag Bogid. Bepid ot fole at Brary
e ¢fel &
, A E, S ] Pasticiy i ’:: "i';""},'.““.’:-‘:“:}
IR (R ¥] 2 )
[} 1 % [} ILOIS c'?“““ ;:i.\i. l::. .(’g.ﬂlfl;:él. $ Vater
" t Y Noistere Lows or Betars, VWater {clor, Brilling
Celor Pleie Data, etc.
) o Silty Sandy cobbly (11°) Overburden drilled with 3-1/2"
962.6 + - ._1 LGRAVEL, GM (fine-coarse, tricone bit, water circulation
— angular), ND (loose) dry, ® casing reduced to NX (3°)
, n L&_. Br. (ROCK RUBBLE PILL) asing and 2-15/16" tricone
. ~ - = - $1.5'. Samples A-E w/3"
w03 plit spoon drive sample (3604
> Cobbly sandy GRAVEL w/silt, t;::er) samples F-¥ w/2" gplit
o~ GP-CM, occ. boulders (2.0°) n drive sampler (1404 hamnef)
] (angular), (loose), dry-\nt]
' 3 Lt. Br. (ROCK RUBBLE FILL).
~ -
) 0 7
) -
-~
3
. 3
-
g - e — —— —— ——
. 3 Silty SAND, SM, (fine), wp, prilling gen. v. slow and dif-
3 A Loose, wet, GR/BR,to orangefXicult, DFR-O. S*ot 3, 1/3 1t
_— br mottled. High mica con- kticks kinepack, 5.6°'
o tent,
7 e bo sept 82 WL 11.6'
A0 b1 sept 82 KL 1l.3'
} - T Bhot 3, 1/3 1b. sticks kinepack
y o p2.2*
} 920.9 -—L-— -~ b — —— — k1 Sept 82 WL 10.8'
' 3 o JSAND, (SP). (fine), isolated]3 Sept 82 WL 11.7'
- gravel (fine-coarse rounded)prilling somooth and even.
0 medium-dense, wet, medium [Easy penetration, 9.0% DFR
3 £ prown. L
-y L3 Sept 82 WL 13.2°
— Thinly laminated w/sandy }5 Sept 82 WL 11.9°
- SILT.
- E
<0 1 Moderately plastic clayey
SILT, 65.5-66.8.
3 g
‘-l
-l
099.{ 3 —ATop of rock _66.8 Begin coring .# 62.5, w/NXIMW
== "GRA NITE" white, fresh, core bbl. & Jiaro~g bit.
70 60% DFR
- very hard occ. pyrite 15 Sept B2 WL 7.3
o crystals, joints widely 16 Sept 82 wL 10.1"
_-j spaced, smooth to moderately] 60% DF:
. A_Jrough, fresh to slightly -
- stained w/FeO, occ. slick-
) ensided. Joint angles
2 c_ 1359-45° from horiz.
3
0el.2 [ J6 Sept 82 WL 7.0°'
b Total depth 84.7' rock 17 Sept 82 s 1.2
- rubble £ill descriptions Installed 2-1/2" ID., Sch 83,
hn_f based on observation of PYC Pipe sglotted £ 1.0°
- sur face conditions, DFR intervals, 49.4°'-74.4",
- and drill action. Removed drill caging.
» ——
-
-
L- 100
c-102
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PROJECT__ chief Joseoh Dam WOLE WO, 82-RD-4
LOCATION INSPECTOR __ Karaba

DEPTN OF WOLE_ 42.6' CONTRACTOR __cour

DEPTN OF 0.5, __22.3° DATE STARTEO_ 12 Sep 82

ROCK DRILLED __20.1 OATE COMPLETED _18 Sep 82

$ CORE RECOVERED___1002

DIAM. NOLE __ 4"/3"

EQUIPHENT _MoNile B-80

Rotary Wash

SURFACE EL. _ 948.5°

N _364,364 (3 2,291,345

DESCRIPTION OF MATERIALS
Seils Claseification
Plasticity

YANE
V(5 ) [
TG

[
™~
="

Condition
Reistary
Celor

REMARKS

Canfog Depth, Deptd of Fote st Btart
& lu'or bilt ‘uu Level ot Start
& 808 of Bacd Seift & Bea, Drillisg
Tivw, Sise & Ty: of Bit, Acties of
Prill, Rate of Neetration, $ VUster
Loss oc Retwars, Vater Color, Orillisg
Plaid Data, etc.

‘llllllll

re
o

936.1

b -

Pboulden (2.5'), (angular),

Silty Sandy GRAVEL, GM w/
nunerous cobbles (11") Occ.

NP, (loose), dry, 1t. br.
(ROCK RUBBLE FILL).

Overburdent drilled with 34"
Ericone bit, water circulation,
4" casing.

SAND, SP (fine~medium),

g

930.5

dense, (vet), wmod. br.

Drilling, rough, grinding to
12.1', smooth to 18.1 602-80%
DFR. Drill sction grinding,

allrl
o

~
=3

926.0

Sandy GRAVEL, GP (fine-coars
rounded), (vet).
P OF ROCK——ee- 22,3 —————

"GRANITE," (LAMPROPRYRE to
30.0') datk gray, fresh,
hard, joints widely spaced,

fresh to slightly Fey staine
ce. filled w/calcite.

lllllsAl_llll

adld

&
o

905.9

racture spacing close to
ery close @ 30.0'. Trace
uge @ 41.0°. Fracture

i

wn
o

lllllll_l

o
o

3 3
l_llll luluu unluu

b4

-1
nluu 111

ngles gen. 20-30 degrees
ro-\hori gontal.

}18.1'-22.5'. DFR 0Z.
17 Sep 82 WL 6.7

18 Sep 82 WL 22.3'
Began coring # 22.3 w/NX®W
core bbl. & diamond bit.
| Runs A-E  80-100% DFR.

18 Sep WL 16.7

Tostalled 24" I.D., SCH. 80,
PVC Pipe Slorted @ 1.0

OTAL DEPTH 42.6'

ample A v/2" splitspoon
rive sampler using a 140#
amper. Sample B attempted
/3" splitspoon drive
ampler using s 360f hammer.
oils descriptions largely
ased on DFR and drill
pction.

intervals, 11.0.42.0'.
Removed drill casiag.

20 Sep WL 23.7'

23 Sep WL 25.2'
Blew water from piezometer for
8 min, WL returned, 39.7' -
35.6' 1n 8 hours. SWL (28.6')
1600 hrs 27 Sep 82

C-103
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MOLE NO. g2-RD-SB

PROJECT Chief Jogeoh Dam

LOCATIONLefr Abutment INSPECTOR Ragabe
DEPTN OF WOLE_2s.0°

DEPTH OF 0.8, _23.6° DATE

ROCK ORILLED __3.4° DATE

% CORE RECOVERED_N/A

DIAM, HOLE _4°

CONTRACTOR onvnrnment

SURFACE EL. _ggs ¢°
"364.217

STARTED .20 Sep 82

COMPLETED 21 Sep 82

€2.201,608 |

€QUIPMENT mMobile B-80 Rotary Wash.

DESCRIPTIOR OF MATERIALS
Soils Classiticatios

o
?ﬁ“
100 §

REMARKS

Casing Depth, D-ln of flale ot Start
8 83 of nift, Uater Lovel ot Start

Lllllllll

3

'llll

o
}C:LIL

llllLlLl

»
o

i'uu

L4

-~
o

lllllLll

L
o

.llllll

L d
(=

" LLlllll

o

4‘ » o Plasticity l."“ ¢ h:lr80111fl.‘l--.kl:gllt:=
. i, 2
! 4 "0‘ N | SLOWS Costitioe pi'i'h, het o Resvtearice. § Varer
[} t IFT Rotetare Less or Retere, Varer Color, Drillisg
Color Fleis Date, etc.
n Cobbly silty sandy GRAVEL, |Drilled with 34* tricone bit,
- GM, w/ occ. boulder (1.5'),|water circulation, 4° § casing
i (angular), (loose), 1lt, br.
3 L(fock rubble £ill). Samples A-B taken by 3° split
957.3 o4 - spoon drive sampler using 360¢
3 2 hammer .
-
- B . .
- Drill action rough, grinding
— 308 to S0%  DFR.difficult to
3 clean out hole prior to
- sampling.
20 Sandy GRAVEL, GP, (fine to
] coarse, rounded) medium, ;g ::p :g “:21:':
942.1 3 | wet, med. brown. (GRAVEL P )
- -
§40-41 S T [Ynstalled 25" Ip, Sco. 80 PVC
- pipe slotted € 1.0' intervals,
10 ] Top of rock 23.6 10.0'-23.6'. Removed drill

“GRANITE"

casing.

21 Sep 82 WL 10.3

Total depth 25.0°'

22 Sep B2 Wi 12.1

C-104
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[ PR0JECT chjer Joneoh can ROLE no..l.u._j__.l- p-
LOCATIOX ¢ INSPECTOR xyraba

DEPTH OF NOLE 39.¢' CORTRACTOR covernmeny |

OEPTH OF 0.8, 372" DATE STARTED .22 Sap &2 |

ROCK DRILLED 2.1

DATE

COMPLETED 23 Sep 82

SURFACE EL. 963.9

% CORE RETOVERED N/A

DIAN. NOLE 4¢* N 364,342 £
EQUIPMENT _Mobile B-80 Rotary Wash
1 » CORE | pescRIPTION OF MATERIALS REMARKS I
€ L S  sotle Cluseitication Caning Deptd, Deptd of Mole ot Buart
ter el &
Q' > o = :mueuy Hv 5: m:.;ﬁn:crl.,u.‘:'nm:,
% L, 422100
! T l% N 18LOWS .:::“. ;:l-ll bace of Resctratice, § Vater
i N t IFT ¢ “'"' h.n“uhszu::,‘ VYater Color, Dritling
0 . . .
3 Cobbly, silty sandy GRAVEL,| Drilled with 3k" tricone bit,
o GM, v/ occ. boulders (2.0')] water circulation, 4" §
A (angular), (loose), (dry), | casing.
. 1t. br. (rock rubble fill).
955.9 e S Samples A-D taken by 3° split
10 L_spoon drive sampler using
] 3604 hammer.
pn A
E
20'_' B Sandy GRAVEL GP, (fine- Drill action gen. rough,
coarse, rounded), w/ grinding, 40-80% DFR, OV @
3 numerous cobble (57}, 0-10' & 33.0'-37.0', Diffi-
3 = medium, wet, multicolored, cult to clean out hole prior
— (GRAVEL FILTER). to samp.
a 2 Sep 82 WL 7.8'
E 30 9 23 Sep 82 L 8.8°
n Installed 2k* 1D, Sch. 080,
_ PVC pipe slotted @ 1.0' inter/
pn D vals, 10.0'-37.7'. Rexoved
926.2 Y= Top of rock 37.7 drill casing.
924.1 {40 9 SGRANITE® 23 Sep B2 WL 9.2'
] - Total depth, 39.8' 24 Sep 82 Sa1 9.1°
y 3
-
o
=
1 -
p
SO 1
-
; -
; o
——
-
3 -
-~
60
-
-
-
-~
—
-
-
-
70
3
-y
3
80

o
o
nlllll .ualnu

C-108




PROJECT_ 100 Josegh Nam

NOLE N0, ._Il.n:l__.'

LOCATION e INSPECTOR __Karabs
PEPTH OF NOLE_ 61.9°' CONTRACTOR m.——ﬂ_—_—J
OEPTH OF 0.3, _ 847 DATE STARTED_ 24 Sep 82
R0CK ORILLED __ 37.2 DATE COMPLETED 27 Sep 82
$ CORE RECOVERED__ 1001 SURFACE £L. _931.5
OtAM. NOLE 3 ™ 3%4,334 £ 2,291,522
EQUIPMENT ___Mobile B-80 Rotary Wash ¥<1J
\; R C‘;*: OESCRIPTION OF MATERIALS REMARKS ,
Sotis Classiticatios Casing Bupth, Beptd st Role ot Brart
e Le s
y (5| Y e 8 n B
Wl \‘u BLows| Cowitim Berth. Mate ot Feaeizatioe, 3 Vator
E " t JFT Noistere Loss l;.lcuu. V¥ater Color, Drillleg
Coler flui¢ Date, etec.
- Silty, Sandy, Cobbly, Overburden drilled w/3k"
: GRAVEL, CM, w/Occ, Boulders| tricone bit, water circula-
A (1.5') (Angular), WP, (loosq)tion, 4" casing. Soil sample
. Le. Br. (ROCK RUBBLE FILL) { A-C by 3" splitspoon drive
> sanpler using 3604 hammer.
10
.
938.00 J __] [
- f‘sﬂ:y SAND, SM (very fine), | Drilling rough, grinding
- Iy NP, loose, wet, Med. Br. DFR. 802
930.0] F--- -— — — 1 24 sep WL DRY
20 9 Sandy GRAVEL, GP, (fine- =
- coarse, rounded), loose, 25 Sep WL DRY
3 wet, med. br.
o Continued rough, ginding dril
1_ DFR-0-102. Difficult in
- cleaning out hole prior to
h sampling.
3
—
o
. B
Lji Sep wL 32.1°
907.2] 3 T ,
3 —{TOP_OF ROCK 44.7 27 sep WL 33.5
/== "GRANITE," (LAMPROPHYRE , Cored Bedrock.
= 56.0'-61.9"') Dark Gray to Begav coring € 47.0 w/NXHW
50 A White, gen. fresh, hard-very| core bbl. & diazond bit.
- hard, widely spaced joints,
] B Gen. Smooth, fresh to S1. Installed 2k" 1.D., SCH 80
e stained (green), faintly PVC Pipe Slotted @ 1.0'
- slicken slided, f{solated i{ntervals, 10.0'-61.7",
- c [souse @ 53'. Joint angles
60 gen. 35-55 degrees.from Redoved diill casing.
- hor{izootal. 27 Sep WL @ 26.1°
889.6|
2 TOTAL DEPTH 61.9' 8 Oct SWL 32.25
5
70
<
-
L
w—
3
-d
80
3
ety
-y
-y
o=
90 1
3
1007

c-106
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PROJECT _chiet Josech Dam

LOCAT 10N

OEPTN OF WOLE_)g.0°

DEPTN OF 0.5. _W/A
ROCK DRILLED _m/a

$ CORE RECOVERED M/A
OIAM. WOLE_¢°

INSPECTOR _ karaba
CONTRACTOR Gove

OATE STARTED
DATE COMPLETED
SURFACE EL. 965.4°
364,219

HOLE O, _L_Au._.l

€ 2,291,710 I

EQUIPMENT _ Q!!F !-%M
CORE | pescaiPTION OF MATERIALS REMARKS
'E 5 8 Seils Classificaties g-;nq I‘h :nhh l: .«ll:.l: :: :::;:
r Lef
Yl 2= :“""“’ $ e ;u '“;'rs'"':'J"':.’::""?
t, o &
T T‘% N 18LOWS .:““‘. Dmi. Tate ol,nn:uauu, $ Vater
[ t a1 ietare Lase or Beters, Vater Color, Orilling
Cotor Pleje Data, etc.
- Silty, sandy, cobbly GRAV-] Drilled with 5-7/8" tricone
j EL, GM. w/ occ. boulders bit to 11.0' reduced to 3"
(1.5') (angular), np, tricone, 4" casing. Circu-
957.4 p (loose) 1lt. br. (ROCK RUB-}] lation fluid was water.
: +-- BLE FILL).
10 1 — e —— ]
-
- Sandy GRAVEL,GP, cobbly Very slow difficult drilling
= (angular?), (loose). 08 DFR casing deflecting @
= (Rock rubble £i11?). 9-10°,
-
> 28 Sep 82 WL 12.7°
946.4] 20 29 Sep 82
=
3 1-1/8" 1D, Sch. 40 PVC pipe
‘: Total depth 19.0'. slotted & 0.5' intervals
- from 16.0'~13.0' and 1.0°
o': intervals from 13.0'-6.0°.
3 Removed drill casing.
=
-
40 1
-
3
50
3
-
-
60 1
=
-y
3]
20
=
-
1 90
100 1




PROJECT NOLE WO, 82-RD-9
LOCATION 1efr Abutpent INSPECTOR Karabs
DEPTN OF NOLE 713.2 CONTRACTOR _Govg,
DEPTN OF 0.3, 35.8° OATE STARTED 2
R0CK DRILLED _17.6° OATE CONPLETED 3 Oct 82
§ CoRe Recovemep 1002 SURFACE L. _965.2
PIAN. NOLE  &"/ § 364,116 € 2,291,708 ‘
EQUIPMENT __ Mobile B-80 Rotary Wash
CORE |' peschiPTION OF MATERIALS REMARKS
y S| tone crmiticssie Gopize Mgt o o tule ¢ B
N ER R o e B3 F St i s
[} 1 i N 18LOWS Condition ;v‘l.l'l. ‘::c o(’:u.lnu'u. $ Vater
ﬁ . t IF1 Reistore Lase or Beters, Vater Ceter, Pritling
Cetor Pisie Deta, etc.
- Silcy Sandy Cobbly GRAVEL Overburden Drilled by "
- CM w/Occ Boulders Tricone Bit, Water Circulaty
959.8] (1.5'), (Angular), Loose, 4" Casing, Samples A-C w/3"
® Sl ry, Lt. Br. (ROCK RUBBLE Split Spoon Drive Sampler &
3 FILL) — == —— —— ——]3%0/ Ramoer. Sacples D-C
10 1 v/2" Split Spoon Drive Sampler
o & 1404 Hammer.
3 A__JSandy Cobbly GRAVEL GP w/Occ
- Boulders (1.5), (Angular-
3 ounded), Very Loose-loose,
3 (ROCK RUBBLE FILL
20 1 Y ) Slow Difficult Drill w/DFR
. 90X to 5.5; O from 5.5 to
= _2_6.0' 29 Sep 82
938.7| 4 __] 30 Sep 82
= c ravelly (Fine) SAND SP, :1111;:1';:;0;0;“8 Rapid &
L (Med.~Coarse), NP, Very *Y» -
5 DJloose-Loose, Wet, M, Bru,
9.2 _F--- F— - — = — — —
- E__[Grades to Pine Sand w/
927.2 :____ cattered Fione Gravel & 29.0]
40 1 AND (Pine) w/Silt SP-SM, ND
o dium, Wet, Med. Br.
922.8 3 - — — — ——— —
_% andy GRAVEL GP, (Fine-
- oarse), (Medium), Wet. 30 Sep 82 WL 10.9'
50
- SP, (V. Pine-Fine), Occ|l Oct 82 WL 13.6°
- ne Gravel, Medium, Vet, Began Coring # 58.0 w/NXHW
7 be d. Brown. Thinly Lawm. v/ |[Corebbl & dismond bit.
909.7| A r [Runs A-E 801 DFR
47=0N= 56.0° 02 @ 72.5°".
60 A_ Top of Rock 55.8° I Oct 82 WL 9.7
B
E
— c
3 %
70 9 E
892.0 o
2 "GRANITE,” White, Presh, 2 Oct 82 Installed 24" I.D.,
4 Very Hard, Gen. Widely SCH 80 PVL Pipe Slotted €
o paced joints w/Close to V. |1.0°' Intervals, 10,0' - 62.5".
80 lose joint spacing @ 66.5'-|Removed drill casinz.
E 8.7, Smooth, Slickeasided |2 Oct 82 SWL 10.7°'
- lightly ¥ O (or Chlorite)
— tained, Traces of Gouge &
b afilling w/Caletite, Joint
- gies Gen. 35-65 degrees.
90 1 om Horiz.
3 .
= otal Depth 73,2
=
100

c-108
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PROJECT Chief Joseph Dam -

woLe wo, 210 |

|

100

(ocaTION INSPECTOR _xorata
DEPTH OF NLE '_%_.f' CONTRACTOR Governmenr ]
DEPTN OF 0.5, _33-3° DATE STARTEO_ 2. 0ct 82
ROCK DRILLED 36.1'-56.8* OATE COMPLETED _ 2
$ CORE RECOVERED___982 SURFACE EL. _363.2'
DIAM. NOLE O/ " 4188 €
EQUIPMENT mbgﬂw
=
CORE | pescRIPTION OF MATERIALS REMARKS
& PE| e e copm gy g o ot gt |
‘f ’ S 1 PMeetkiy :}r: of Iuothm't'm.klv:m:,
| v [ [sows] o B et o Rastratscer & bater
E N t IFT Relntore Las or Retars, Vater Color, Drillisg
Color Pinis Data, etc.
= Sandy Cobble GRAVEL w/silt | Overburden drilled v/
- CM~GP, NP, loose, dry, tricone blt', vater circulation
- (ROCK RUBBLE FILL). 4" casing. Semple A w/3"
3 splitspoon drive sampler &
9ss.2] 10— sawples B-1 w/2" splitspoon
M Sandy clayey SILT, ML, w/ drive sampler & 1407 haomer.
3 gravel (fine-coarse, rounded
- to angular), SL-PL, very
e stiff to hard, motst, GR/BR.[—
j A (IMPERVIOUS CORE) Rough, grinding, drill asctiom.
7 C DFR 0% to 9.0', 1007 9.0' to
20 - 36.1'.
p
< E 2 Oct 82 VL 1.2'
= ¥
-5 C
4
- T
930.0 3 Y
—_ CONCRETE TOP OF ROCK 36.0 | & Oct 82 WL 4,7'
927.2 TENE A Continued rough, grinding
= “GRANITE" white, vers hard, | drill action
40 1 flesh to FeO Stained, gen. | & Oct 82 WL +1.3'
- B |widely spaced joints becowm
o ing closely to very closely | 5 Oct 82 WL 3.7
- C |spaced & 42.3'-46.0', Began coring @ 34.5 w/NXRW
- swooth to moderately rough, | core dbbl. & diamond bit.
pe FeO stained, Occ. slicken~ | Ruans A~-E, DFR 902 btm.
50 ] slided, 1s0., oxidizel iron
3 pyrite crystals. Joiat S Oct 82 WL -+1.3'
- angles gean. 40-60 degrees
- E from horizontal.
906.4 b TOTAL DEPTH 56.8°' 6 Oct 82 WL 8.2'
60
be Installed 2" I.D. SCH 80 PVC
- pipe slotted @ 1.0' intervals
e 41.7'-56.7'. Placed sand
] filter pack, 56.7'-33.7'.
- Placed grout seal (cement +
7 Al. powder), 33,7'-37,0'.
- Installed 1-1/8" 1.D. SCH &0
- PVC pipe slotted % 1.0' inter
= vals, 24.0'-5.0',
E 6 Oct
80 19 Oct “L 17.5
b Blew water out of both piezo-
p meters for 8 min. V. slow
- recharge (101/1 hr.
3 29 Oct s<L 12,1/15. 4
90 1
3
-
-
X

Cc-1089




PROVECT

~—Shicf Joseoh Dam
LOCATION _ left %utnnt

>

OEPTN OF WOLE 5]
OEPTH OF 0.8, _W/A
ROCK DRILLED __N/A

8$2-RD-11

BOLE NO.

INSPECYOR _ garaba
CONTRACYOR __ gowe.

PATE STARTER
BATE CONPLETED

$ core IECO'EI(D_!‘/'L SURFACE EL. 9611
DIAM. BOLE 4 §_ 364,164 [
EQUIPMENT ___ Mobile Fa%nsh
'l!' CORE | DeSCRIPTION OF MATERIALS REMARKS
[ g BN Grise Mt LI 1 B
LS ’ e T ety § 8oa o Bach baife 8 o, Oritiing
W[ 7[Rk fows]  Coeie B R
E " t {FT Rotstere Loss o Beters, Vater Color, Drillieg
Coler Pleid Buts, ote.
= Sandy cobbly GRAVEL w/silt, | Drilled w/3%" tricone bit,
] GP-CM, Occ. boulders (1.5°') |vater circulation, 4" casing.
9s8.1} 33 __ angular), (looss), (dry) |
-r— 1t, br. (ROCK RUBBLE FILL). { Sawples A-B taken w/2" split-
a — — = T~ 7| spoon drive sampler using
10 3 140¢ bamser,
- Sandy clayey SILY,ML, v/ Drill¢ng slow, DFR O to 5.0°'
o gravel (fine-coarse, ro\mdedﬁG Oct WL DRY
— angular), SL. Plastic, Hard,
- Moist, GR/BR. (Impervious 7 Oct WL DRY
- Core) Drilling becomes easy, rapid
942.8 120 1 DFR. 1002
7 Oct WL - 14.3'
TOTAL DEPTH 20.3' 8 Oct

lllll

A1l

g

e
&
o

ploul ool

.
w
o

llj._lll_ll

on
o

luu

~4
o
NN

Liaas

o
o
A1)

lJ_llLLl

N |

D -d
o

SlLlllllI

Installed 2" I.D. SCH 80, PVC
Pipe slotted, 10.0°-19.4.
Placed surface seal (cement

+ AL. Powder), GS to 6.5°'.
Blev vater frowm piezometer

for 5 min,

Removed drill casing.

c-110
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PROJECT __Chief Joseph Dam NOLE NO. 82-RD-12
LOCATION INSPECTOR ____ Raraba %
DEPTH OF NOLE___ 28,2° CONTRACTOR _Gavt.
DEPTN OF 0.5, __13.9" OATE STARTED__12 Oct 82
ROCK ODRILLED 12.3 OATE COMPLETED J) Oct 02 1
$ CORE RECOvERED 1002 SURFACE EL. __939.1
Otan. moe_ 4"/37 N___364,449 £_2.291,417
EQUIPMERT _ Mobile B-80, Rotary Wash
CORE | pescaIPTION OF WATERIALS REMARKS
o( ’ g Soils Claseification c-;m De ::.‘ Dn::l :fl:::: :: :::::
A ’ 2] MNeuay 8 R0k of Bach Saite 3 fan, britiing
[} ‘% N IsLows Condition Time, Sise & ‘I’y: of Nut, ku:n
Ve | e Bl Rate ot Ruwirstin: Suet
N Celor Pinie Data, etc.
S{1ty sandy, cobbly GRAVEL, | Overburden drilled w/3i"
- GN, w/Occ. boulders (1.5') tricone bit, water circula~
- (angular), loose, dry, 1t. | tion, 4" casing. Sample A
- br, (ROCK RUBBLE FILL). attempted w/3" split spoon
928.7 10':' dr{ve saopler & 3607 hammer.
j"-"’ {Sindy cobbly GRAVEL w/silt, -
o GP-GM, Occ. boulders (1.5) Rough grinding drill,
- (angular), NP, (loose), 1lt. | DFR 502
823.3] “Hpeve 5. (ROCK RUBBLE FILL). 12 Oct WL-G.S.
20:.: —&—{TOP OF ROCK 15.9
= )
= c
910.9 30 1 D |"GRANITE," white, v. bard, |13 Oct. WL DRY
e fresh, widely spsced joints,| Began coring w/XXEW core bbl.
- L-odentely rough, v. slight-{ & diamond bit,
- ly 7¢O stained, Occ. lightly{ Runs A-D DFR 902
3 infilled v/calcite, joint
- aungles gen. 5-20 degrees i3 Oct WL 9.9'
40 from horizontal.
3
— TOTAL DEPTH 28.27 14 Oct WL 15.98
3 Installed 24" 1.D., SCH 80,
- PVC pipe slotted, ? 1.0'
50 intervals, 10.0'-28.1'.
3 Removed drill casing.
= Blew vater out of piezometer
- for 5 min.
-
60: 14 Oct WL 21.9°
: 29 Oct SWL 22.6°'
-
»
]
-
70
=
-
=
-
80
3
E
90 1
3 i
e ]
3
2Q
C~-111
- - " 4 J -




LOCATION

PROVECT __ Chief Joseph Dam NOLE NO.
INSPECTOR 2
DEPTN OF WOLE _ 56.4' CONTRACTOR oy
DEPTN OF 0.8, _33:2 DATE STARTED 2
ROCK ORILLED __23.2° DATE COMPLETED 2
$ CcorE movmo_}_m :uamt €L, ggs.c‘
M ~Me308

DlaM. WOLE___ 4"/

EQUIPMENRT

Nobile 3-80 loug "l!h

——

OESCRIPTION OF MATERIALS
Seils Classificatios
Pesticity
Contition
Reistere
Coler

e

Casiog Depth, h‘:i of Note at Stast
8 Bod of Sbits ter Level st Start
8 tos of Boch $aift & Bas, Drilly
Tim, Stse & h: of Bit, Actios
Prill, Rare of Pesetrstics, § Vater
Lae or Betors, Vater Coler, Drilling
Plodd Data, otc.

Sandy cobbly (11") GRAVEL
w/silt GP-GM, occ. boulders
(1.5'), loose, dry, 1t. br.

ROCK RUBBLE FILLY. ___ __|[w/3" splitspoon drive sampler

Sandy GRAVEL, GP, Fine-
coarse, rounded, scattered
cobbles (5"), med,, wer, 1t
br. Isolated gravelly,
sandy SILT, ML, 25.0-26.0'
& 27.8-29.7'. (GRAVEL FILTER)
TOP OF ROCK 33,2

GRANITE bedrock white, very
hard, fresh, closely spaced

joints 35.0'-44.0' & 54.0'- | Runs A-B DFR. 902
$6.4", v. closely spaced

46.4'~45.6" & 51.5'-52.4°, 16 Oct WL 9.7
widely spaced 46.0'-51.5'.

Joints gen. smooth to -

soderately tough, SL. PO | 18 Oct WL 11.2

stained, Occ. infilled by
calcite, slickenslided 150
gouge, 41.5'. Joint
angels gen. 30-40 degrees
froe horizontal.

16 Oct

30.0'-40.0'. Installed 1-1/8

Overburden drilled with 3N"
tricone bit, water circula-
tion, 4" casing. Sample A

& 3604 hawmer. Saoples B-D
w/2" splitspoon drive sampler
& 1407 hamper.

Drilling slow, difficult

DFR. 80%

14 Oct WL GS

15 Oct WL 5.3
Drilling, grinding, easy

DFR. 402

15 Oct WL 8.1

Wl 10.2
Began coring @ 35.5 w/NXHW
core bbl. & diamond bit.

Runs C-E DFR. 902
Installed 2" 1.D. SCH. 80
PVC pipe.slotted at 1.0'
intervals, 46.0'-56.0'.

G!' CORE
[ ] fo
’
Ly 5% u [sLows
K " t Fiai
3
9s9.11 F--
109
n
-
-
20 4 2 |
3 =
3
-l
30 1 D
-
3
932.4 /=
-
-
0
= )
-
=
3 c
30 b
-
-
e E
909.2]
60
-
=
-:_.
707
3
b
-
80
3
-
-—
-
90
s
-
-
4

TOTAL DEPTH - 56.4°.

Placed seal (bentonite pelhtw

I.D. SCR 40, PVC pipe slotted
at 1.0' intervals, 10.0'-

25.0°,

Resoved drill casing.

18 Oct WL 11.9'
19 Oct 0800 WL 14.6°

Blew water out of lover stage
for 10 min. W1 returned froe
57.2'-13,1' {n 30 min.

19 Oct " 1600 SWL 11.3
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922.3
919.3

916.3

w/Occ. Boulder (1.5), Loose-
Dense, Lt. Br. (ROCK RUBBLE

Occ Boulders (1.3'), Loose,

Sandy, Cobbly GRAVEL, GP,

FILL).

—

HSa5d5 GIAVEL, CF, Sense, —
[Wet . Lt. Br.)

PROJECT___chief Jopeoh Daw NOLE MO. A2-RD-14
LOCATION INSPECTOR _xpraha
DEPTN OF lOLE 0! CONTRACTOR e
OEPTN OF 0.8. 37.1' DATE STARTED .20 Ocg 82
Rock omiLLep -0 OATE COMPLETED 23 Oct 82
% CORE RECOVERED_N/A SURFACE EL. _956,3"
piaN. woLE_4" n 364,330 € 2,291,653
EQUIPMENT _ Mobtle B-80 “—""'——";
“ CORE | oescripTion OF MATERIALS RENARKS
$ 8 Soile Classiticatioe g-;u. chn. h,\: alllalo a: :::::
‘t S =] Nekly § Eed of Bach Buiti s dour Briliisg
R [ows]  coriim B ‘tate of Rastrasion. 3 Vater
'K & I'T Wolstare Lass 'or fetera, Vater Co(c;, Drilling
Coler Plsig Data, etc.
Sandy, Cobbly Gravel, w/Silt] Overburden Drilled w/3s"
953.3 p— HQP-CM j.Iricone, Water Circulation,

4" Casing.
Samples A-B w/3" Split Spoon
Drive Sampler & 360f Hammer.

Very Difficult Slow Drilling.
DFR 402

Top of Rock 37.0°

th:u g;nu,(ullgLulLul lul‘lulkulln“ gAunhulk.ulluu g.udnuhluluukullllll '_.-.M"

B

"GRANITE"
Total Depth 40.0'

|20 Oct B2 WL DRY
21 Dct 82 WL DRY
Difficule Drill

DFR 0%

21 Oct 82 WL DRY
22 Oct 82 WL DRY
Difficult Drill

DFR 0%

22 Oct 82 WL 20.7
23 Oct 82 WL 29.5°
3 Oct 82

28 Oce 82 WL 35.7

Blew Water Out of Piezometer
for 8 Min.
28 Oct 82 WL 35.7

29 Oct 82 SWL 35.7
Installed 2 I.D., SCH. 80,
P.V.C. Pipe Slotted & 1.0'
Intervals, 10.0'-40.0!

Removed drill casing.
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PROJECT _cnief Joseoh Dam

EPTH OF NOLE 32.5'

pEPTH OF 0.0, 12°

BATE

ROCK DRILLED _25.3'

§ CORE RECOVERED_1002

CONTRACTOR gope

' NOLE NO. &"LE__I
TASPECTOR iiraba

.|

STARTED 28 Oct 82

EQUIPMENT _Mobi 1.

°
:"‘m

DATE CONPLETED _27
SURFACE EL. 942.8°
&/ 0 _264,385 € __2,291.344
W; a—
e 3-890 Rotgry Wagh
CORE | pescRIPTION OF MATERIALS REMARKS
’ 8 Soils Claseification c.:m :o nhh l: :'l.'v.’: :: :::::
S =] Maaticiyy H R hl;t.l'l:-:‘:rglu:g
W [sows] omruie i Sher A D i
t JFY Notsiere Less or Beters, Vater Coler, Drilling
Color Pleid Dats, ete.

llllllll

5

8

lLlll .llllllll

8

Silty SAND, SM, Very Fine,
» Medium, Dry, Lt. Brown.

Overburden drilled v/3%"
Tri-cone Bit, Water Circulstio
4" Casing. Sample "A" Taken

Allllll‘l

&
o

Jlllllll

w
o

lllll

[-3
(-]
~A L1

u;[hu

~4
o

llllllll

.3
o

.llllllll

-
©

Sllllllll

—

A__{Top of Rock 7.2 w/2" Split Spoon Drive Sampler
7EWE ing 140# Hammer.
A |"Granite" (Lamprophye, 7.2'-|Smooth, Even, Easy Drill.DFR-
10.8'). Dark Gray-White, 80%
Fresh, Aard-V. Rard, Joints |25 Oct 82 WL 1.4'
B idely Spaced 7.2' ~ 24.5':
losely Spaced 24.5' - 27.3Y
c ery Closely Spaced 27,3' -
h2.5°.
D
E
(26 Oct 82 WL DRY
r Begin Coring at 8.1 w/NXAW
Tebbl & Diamond Bit.
Cen. Smooth to Moderately Core Runs H-E DFR 100%
tough, Slightly FEO Stained, ]26 Oct 82 WL 5.8
cc. Lightly Infilled w/
Calctte, Faintly Slicken- 27 Oct 82 WL 22.6
pided. Joint Angles Gen. Run F DFR 100%
kS - 70 degrees from Boriz. |27 Oct 82 WL 22.6'
fotal Depth 32.5°' 28 Oct 82 WL 29.0°
Blew Water From Piezometer
for 8 win.
28 Oct 82 WL 29.0°'
29 Oct 82 SWL 29.1
Installed 2% I.D. SCH 80
P.V.C. Pipe, Slotted # 1.0'
Intervals, 7,0'-32.5',
Rewoved drill casing.
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PROJECT Chief Joseph Dam

NOLE mo,_§2-RD-]16 %

LOCATION INSPECTOR __ xaraha
OEPTH OF NOLE_28. %' CONTRACTOR _rnye
OEPTA OF 0.9, _16.8. DATE STARTED 2
- aocx oritLep 1.3 OATE COMPLETED 28 Oct 82
§ CORE RECOVERED_ 1002 SURFACE EL. __941.6
DIAM. WOLE__4&"/3" N_3646,620 €
EQUIPMENT ___ Mobile B-80 Rotary Wash
CORE | pESCRIPTION OF MATERIALS REMARKS
’E ’ g $oils Claseificaties Cc:iu l‘h :l} bept2 “hh“l l: ::A::
. et vel & 8
L) ’ D ) Netkiy § 804 of Raca Saite & as. Dridlieg
Wl Ty [mow]| i b A PR L o
‘ '] t JFY Notstere l«rn- or Betues, Water Coler, Drilllsg
Color Pleid Dats, etc.
3 Sandy, cobbly GRAVEL w/silt ) Overburden drilled v/3%"
3 GP-GM (angular) (loose), tricone bit, vater circulationd
- (dry), Lt. Br. (ROCK RUBBLE | 4" casing. Sample A w/2"
- FILL) split spoon drive sampler &
> 1404 hammer.
932.6 1 10 - Sandy GRAVEL, GP, (fine to [Drilling slow difficult
3 coarse, rounded), w/occ. DFR 902
X —1cobbles), dense. 27 Oct 82 WL 1.4'
924.8 j TOP OF ROCK 16.8
. -
'J FGRANITE" (LAMPROPHYRE, 16.8°'| 28 Oct 82 WL DRY
20 A |to 25.0') dark gray to whitd,Drilling continues slow,
3 fresh, hard-v. hard. Jointﬁ difficult DFR 0%
- widely spaced, smooth to Began coring € 18.2 w/NXHW
- B |moderately rough, very core bbl. & diamond bit.
3 slightly YeO stained, Installed 2%"1.D., SCH 80,
913.3 angles gen. 35-50 degrees |PVC pipe slotted @ 1.0' inter-|
| 30 1 from horizontal, vals, 10.0'-28.3"'.
; 3 Removed drill casiag.
- Blew water from piezometer
1 — for 8 min.
n 28 Oct WL 22.7"
-
40 1 TOTAL DEPTH 28.3' 29 Oct. §L 22.2°
f 3
A =
50
-
-
-
-
—
[ 60 3
3
70 1
=
p
-
-l
80
3
—
90
J pm
=
f 3
| oo
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PROJECT Ohtef Joseph Dee BOoLE o, 82-CD-17 |
l“ATlOI_E_“_W INSPECTOR » pocvey

DEPTH OF MOLE 42.

CONTRACTOR

DEPTH OF 0.8, 30
ROCK DRILLED _2:3
$ CORE utcom;g A

Sac) Piees
OATE STARTED_ 8 November 1982 |

DATE COMPLETED L1 Novegher 1982

SURFACE EL. __9335.5

DIAM. NOLE N 364,305 € 1.191.55¢ |
‘W"“‘"T'gm#%%
5‘ o ‘g‘: DESCRIPTION OF MATERIALS REMARKS .
13
4 S| olle Classiticatios P Sl srfbaftei el ek
4, ’ © =1 Pesticiy §0u o '“..th"'g.n::"u.:':.":f
. 1
' b BLOWS Cosdition .:I-l'l.';:o ."gl:lfl“ﬁ. $ VYater
I13] Notstare Lave or Smtere, Vater Coler, Drilling
" Color Pleie Deta, etc.
3 Silty SAND, SM with 2" starter casing to 11.4'
b minor gravels and cobbleg td set wich backhoe. Drilled to
-— 12" (angular) 2' vieh 12" bit. Reduced to
- o"
10 3
- .L, Dry
o Nov 1982
= ﬁ Nov 1982
— L. Dry
20 3
P;o.s 3
3 Silty, sandy GRAVEL, GM [asing at 30°'
10 = (1"-1-1/2") with occasional J.L. Dry
— cobble to 8", brown —Nov 1982
- 0 Nov 1982
3 f.L. Dry
3 &op of rock }7' Dri1ling mud thinned out
15.0 %0 3 edrock or boulder? ndicates wvater. Bole was
12.8 ailed clean of drilling mud
* - [Total depth 42.7' 0 Nov 1982
3 1 Nov 1982
— ¥.L. ® 34,1
0
g Installed 1-1/2" FVC pipe to
- r2.7. Slotted 32.0-42.0
b0 7
‘,_';
76 7
-
-
-
-l
en—
3
80
-
-1
3
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-

EEPw P T TV STV T s o

PROJECT_chief Joseph Dam

LOCATION Left Abutment

NOLE NO. __p2-CD-18

IRSPECTOR E. Bailey

OEPTH OF WOLE_ 44.0"

CONTRACTOR _ Carl Pitts

oEPTN OF 0.5, _ 92-0°

OATE

ROCK ORILLED __2-9°

DATE

% CORE RECOVERED___m/A

SURFACE EL. __953.0

DIAN. NOLE 10°

N __364,324 €__2,291.518 |

STARTED 16 Nov 82

COMPLETED _ 19 Nov 82

EQUIPMENT _ Bucyrus-Prie 24 L w/2,150 lbs. gt

me

N [ |

DESCRIPTION OF MATERIALS
Soils Classification

REMARKS
Caning h!u, Depth of Bole a1 Start

level Start
A » 2 =] Nty e z::‘:;'su:::;.l.:‘ns;ut:;
i , detion ol
{ T l% W {BLOWS Contities ;:'l.l'l.s;::n ol’nl:lu::el- ‘l'l“f
[} t Y Kolstere Lass or Retara, Vater Color, Drillisg
0 Color Pleid Date, etc.
Silty SAND, SM, w/gravels,| 12" starter casing to 11.0°
some cobbles to 8° and occ} set with backhoe.
— boulder to 2.0' (angular),
3 medium bcown, moist.
0 3

9308.9

RO

llllllll .llllllll .ljll

Silty sandy GRAVEL, GM,
1* - 1-1/2® w/occ. cobble
to §-10", loose to dense,
brown.

Casing following bit.
W.L. Dry
16 Nov 82

17 Nov 82

W.L. Dry

Role and casing @ 29'
17 Nov 82 W.L. Dry

-
18 Nov 82
W.L. Dry

Bailed hole dry.

80 Top of rock 42.0° 18 Nov 92
911.0 "m
909.0 J7F Granjte 19 Nov 82
1 Bottom ¢ 44.0° W.L. 36.7°
- Backfilled to 43.0°' with
bo b sandy gravel. Set Johnson
3 10" nom. telescoping, low
- carbon alloy screen 38.0-
o 43.0'. Pulled casing to
- 38'. Bailed for 3 hours
- averaged 2-2-1/2 g.p.m.
‘.:
aa——
3
-
-
-

llllllll Allllllll
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Hole No. 87-PA-401

Drvrsion [resTALLATION SHEET |
DRILLNG LOG | s
L PROJECY 1 0. 7€ a0 TYPe ofF &1 87 HOLLOW STEM
CHIEF JOSEPH DAM LT. EMBANKMEN AT TR Civ o ST T = 50
T OME TR IS AL AT ION
IE LLATI MANUF ACTURERS DESICNATION OF OREL
X oRuime acenct MOBILE B-80 POWER AUGER
GOVERNMEN ~ 3. TOTAL NO.OF OVER- IDISTURBED TUNDES TURSED
4. NOLE NO. (A5 woun on drowing M | g7-PA-40] BURDEN SAMPLES TAKEM ¢ 15 L0
ong e nster) N
TOTAL MMBER CORE BOXES O
5 NAME OF ORLLER
BALES 15. ELEVATION GROLND WATER 93}
6. DRECTION OF HOLE . oATE MoLE 1STARTED ICOMPLETED
RIVERTICAL [JNCLMED ___ _ DEG.FROM VERT. i 4s11/87 i 4/20/87
- . ELEVATION TOP OF MOLE 970’
7. THCXHESS OF OVERBURDEN 74 . TOTAL CORE RECOVERY FOR BORNG O
8. DEPTH DRALED WTO ROCK O 8. SIGNATURE OF INSPECTOR
8. TOTAL DEPTH OF WOLE T4~ | KAISER
PrEZ. 80X _OR REMARXS
ELEvaTION | DEPTH | LECEND CLASSFICATION OF MATENALS T, | SAMLE ing o
" ’ * ! "f e prbic Bl FonX 5
3970 2" ASPHALTIC CONCRETE T £ "
Jer ON_4~ BASE COURSE o
7 SANDY GRAVEL W/COBBLES (6“) o
T MEDIUM, MOIST, BROWN -
-1 -
sc | CLAYEY SAND W/CRAVEL (FINE), 2% SPLIT SPOON SAMPLER [
DENSE, MOIST, LT. DROWN HA DRIVEN BY 140" HAMMER s
10 N=49 | 30" DROP (TYP) —
- " o
. CLAYEY SAND W/GRAVEL, COBBLES,| [& -
J 5S¢ |5 0CC. BOULDERS, VERY 1 B | N= NUMBER OF BLOWS T0 o
3 DENSE, MOIST, LT. BROWN £ N:70 | DRIVE SAMPLE BARREL | FT. |—
= a -
— o -
7 I c
= _
20— 53 N=32 —
7 s :
E gl [P :
= L § N=54 [—
30— :J a -
] »| N=5K2 -
—E CLAYEY SAND W/GRAVEL (F(NE) gg d :—
5% | oense, MOIST TO SATURATED, &ls Ve84 -
931 J ————1- wATER @39.0 4/18/87 [E [ c s
40— PODL ©954.0' N —
3 s t H .
—] AN | NEar -
—~ w N -
b =Ny | T -
: a. \ .Li -
50 N N=45 -
- CLAYEY SAND W/OCC. GRAVEL A -
n 2"), VERY DENSE, MOIST, Tt I
. L1." BROWN ]}, o
= N-54 -
n g Ir s
60 3 N=48 -
- sc CLAYEY SAND W/OCC. GRAVEL o =
- (2”1, SATURATED, LT. BROWN 2 N -
— < L -
I S| NEer o
3— -l g Il -
- st C%AYBF.RYOSAND. MEDIUM TO DENSE, ;, R -
Lt WN - o
70—:4 o N=36 —
3 o N o
4 3 -
CLY I [— 0 -
3 BOTTOM o7g.sc'Ro~ BOULDER N=36 [
3 POSSIBLY CONCRETE AUGER HEAD SHEARED =
80— —
] .
. o
90— —
3 s
100
ENG FORM 1836 mrevious £omons am 0sSOLETE. "% JoserH oaM LT, EnB. ™C i -Pa-401
AR FLENAME: CAOG.DON

c-t18




Hole No. B7-RD-401A

DRILLING LOG W INSTALLATION :;'c'n .mvs
L PROJECT 0. SIZE AND TYPE OF &1 4~ TRICONE
CHIEF JOSEPH DAM LT. EMBANKMENT SxTor FON ELEva TN Stom (8w = 550
2. LOCATION (Coordinates o Stk
PIEZOMETER INSTALLATION T ———e——a——
1 DRLLING AGENCY MOBILE B-80 POWER AUGER
| GOVERNMENT — 15 YOTAL NO. OF OVER- TS TURBED NS TUREED
4 YOLE WO. (o o on arowdig % | g7_pD_4014 BURDEN SAMPLES TAKEN & o
T orlnuu'.n d 14. TOTAL NUMBER CORE BOXES 2
BALES iS. ELEVATION CROUND WATER 93|
& DRECTION OF MOLE 6. DATE MOLE ISTARTED ICOMPLETED
(T veRTICAL CIWCLNED .~ DEC.FROM VERT. i A/21/81 i 4/25/81
7. ELEVATION TOP OF WoLE 970
T. THCKNESS OF OVEAGURDEN 70,5 T0TAL CORE RECOVERY FOR BORNG 12,7 P’
& OEPTH DRLLED NTO MOCX 2.5 W/ 10,2 CONCRETE SRTLRE OF MSPECTOR
S TOTAL DEPTH OF wOLE 92.2° KAISER
BOX OR REMARKS
wevanon | oePTh | Leceno CLASSFCATION OF NATERIALS PEL. | SOt (Oriitng iem. witer kes. wth of
{Dontr igrion? NST.
[ ] » . 4 ] ? "“‘;' MM’
970 2% ASPHALTIC CONCRETE ON
= (4" BASE COURSE — -
e SANDY GRAVEL W/ =
- COBBLES, MEDIUM, —
- MOIST, BROWN -
~ CLAYEY SAND W/GRAVEL -
J sc | & 0CC COBBLES,MED TO DENSE -
10— MOIST, BROWN —
- CLAYEY SAND W/ GRAVEL & o
— SC COBBLES & OCC BOULDERS, —
= DENSE, WOIST, LT. BROWN =
20— =
E 3 ] -
I sc CLAYEY SAND W/GRAVEL & -
30—] COBBLES (8%), DENSE, MOIST, -
3 LT. BROWN " -
3 n o
. ] [
-3 o [
— = -
= 2 'é -
40— > -
A J7sc | cLAYEY SAND W/GRAVEL & ocC, SIE .
1 COBBLES (6"), DENSE, SATURATED, = -
] LT. BROWN _ -
4 — -
3 -
503 -
8 . -
60— - —
— ] -
70— -
J st CLAYEY SAND W/GRAVEL o
= & NUMEROUS COBBLES & 0CC Q o
- BOULDERS (18“), DENSE, u
— SATURATED, LT. BROWN > —
3 (N -
(¥7)
= AN -
o L —
890.5 | 80— CONCRETE oNg -
— > -
p " Q.‘}, DIAMOND BiT CORE -
3 3 BARREL (TYP) "
[ i \: [
7 NNE -
. o~ N =
~ -
4 880.3 | 90— BEDROCK N\ -
) 871.8 3 BOTTOM AT 92.2' ON -
] BEDROCK o
- o
100 o
PROJECT WOLE MO,
ENG FORM 1836  rcvous enTows anc ossoucte. ThtSOSEPH DAM LT. EMB. I 8TRD-401A
C-119




Mole No., 87-RD-404

ENG FORM 1836 PREVIOUS EDITIONS ARE 0BSOLETE.
WR n

T,
DRle LOG DIVISION ['6 ALLATION SO“I" ] "
T 0. SZE &0 TYPE OF o 4 TRICONE
“ PRRNEF JOSEPH DAM LT. EMBANKMENT T YO ST S T
2. LOCATION fOnordinges & Siaton)
PIEZOMETER INSTALLATION @, MANFACTURER'S DESGNATION OF DRLL
3. DRLLING AGENCY MOBILE B-80 POWER AUGER
| GOVERNMENT —{8 1ot . of o DeTAGED 3 osTumeD g
4 WOLE WO Ay shun on crawieg | g7_p0)- 404 BURDEN SAMPLES TaxEw ¢ +
o ! “""'"“ : TOTAL MAGER CONE DOXES |
5. W OF DRULLER  gaLES 5. ELEVATION GROWD waTER
6 DRECTION OF WOLE . DATE MOLE STARIE0 S/ /87 (COMPLETED 5 /5 /87
Y woLNED DEG. FROM VERT, H H
@ verrea. O ELEVATION TOP OF WLE 970
7. THCKNESS OF OVERBURDEN 64,8 8. TOTAL Cort MECOVERY FOR BoMsG 10’ )
8, DEPTH DRILLED W10 ROCX 1.3° +B.7° CONCRETE SINATURE OF SGPECTON
9. YOTAL DEPTH OF HOLE 74,8¢ KAISER
0% of REMARKS
CLASSFICATION OF MATERIALS .
ELEVATION | DEPTH | LEGEND Ovecr ptlors g{ SA;'LI (Orising 'ﬁr' :ﬂm)’
(] > ] [ ] [ ] 9
970 2 ASPHALTIC CONCRETE |
3 ON_4” BASE COURSE - -
oM SILTY SANDY GRAVEL W/COBBLES r
- (10"), MEDIUM, MOIST, BROWN -
— =
5C | CLAYEY SAND W/GRAVEL & COBBLES) C
10 DENSE, MOIST, LY, BROWN | —
= 6P | SANDY GRAVEL w/COBBLES (67 2 aTLIT SO0 SaMPLE -
3 DENSE, MOIST, BROWN - HAMMER ,30” DROP, (TYP) o
= B [N-NUMBER OF BLOWS TO ORIVE
= A3 | SAMPLER 1 FT. F
20— 5. | CLAYEY SAND w/GRAVEL & —
. COBBLES (6", DENSE, MOIST, -
. LT. BROWN c C
7 N-60) —
: -
3 o
30— =
- o I
Lot -
3 5 g
et : —
- w {Z o
— &1 :
3 e o
40—} o3 —
3 | &) s
] o o
—] g [ .
7] X [
3 e, -
—_ ) -
50— . [
= < —
] N -
60— N —
3 N u
3 NQ -
3052 = CONCRETE NE] 3
. \1; 0 | DIAMOND BIT CORE HARREL [—:_
10 NE
— \1 « -
=3 —_— a
896.5 37 T BLOROGK T He E
895.2 3 BOTTOM @ 74.8' IN BEDROCK l -
7 ¥ o
- [ o
80-7 z -
o -
> -
3 g -
= » 3
- 'y :
— . -
30— Iy -
- < -
. x u
— -
E .
o -—
IPROKCT ]uou NO.
CH. JOSEPH LT. EMBANK. 87-RD-404
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Hole No., 87-RD-408

ENG FORM 1836 rrevious cOMONS ARE OSSOLETE.
"R

NSTALLATION €L |
DRILLING LOG I or | secers
L m&fn 0. SZE AND TYPE OF BT 4" TRICONE
IEF_JOSEPH DAM LT. EWMBANKWENT L DATUM FOR ELEVATION SHOWN MTAW or SU
2. LOCATION fCovsfnafes or Skatow/
PIEZOMETER INSTALLATION B, WANUFACTURER'S DESIGNATHW OF DRILL
X DRLLING ACENCY MOBILE B-80 POWER AUGER
GOVERNMENT — —ix ToTAL NO. OF OvER- " IDSTURBED OS]
4 HOLE NO, 1As shown o grovim W% 1 87-RD-406 BURDEN SAMPLES TAKEN 1 ] .
d e sber) : I )
R . TOTAL MAMBER CORE BOXES |
BALES IS, ECEVATION GROUNG WATER
6. DRECTION OF HOLE . DATE moLE YSTARTED {COMPLETED
601 verTEaL ) mcLeep DEG. FRO VERT, i 4729/87 i 4/30/87
. ELEVATION TOP OF WOLE 970°
T. THCKNESS OF OVERBURDEN 49.0 8. 10TAL CORE RECOVERY FOR B0RNG 5.5' x
8. DEPTH DRLLED NTO ROCK 6,5 o SOWTURE OF SEPECTOR
S TOTAL DEPTH OF HOLE 54,5’ KAISER
CLASSFICATIN OF MATERALS pe, | SOXOR REMARXS
ELEVATION nﬂ:ru LECEND n-w.w o) n"?: (Oritlng fen o bus e o
L] L) L3 [
970 2* ASPHALTIC CONCRETE ON - L
PS\4"_BASE COURSE s -
\ RIPRAP W/SILTY SANDY GRAVEL 9 F_
1 om SMATRIX . oW
. SILTY SANDY GRAVEL (3“0), Yz o
3 MED., MDIST, BROWN Qe =
oS s | SRR RS [ ] -
- O iy |+ DENSE, MOIST, [Ia |2, seum spoon sawpier |
- DRIVEN BY 140% HAMMER, =
= N=40 { 30~ GROP -
- N=NUMBER OF BLOWS TO omv#
J sc | CLAYEY SAND W/GRAVEL, Iy SAMPLER | fT. -
20— NUMEROUS COBBLES, & OCC. o [
3 BOULDERS (187}, DENSE, o -
e MOIST, LT. BROWN g -
. o -
- 3 .
%]
30 ] ] :
-
— ~
3 N 3
. " -
2 -
E 5 S
] = s
40 an —
> -
?_ S -
- s s
~— NS —
- 3z n
3 W C
4 > N
921 50— BEDROCK ~= —
B - g |DIAMOND BIT CORE BARREL o
- M= ”
o
] x F
915, » BOTTOM © 54,9° IN BEDROCK 1 -
3 Iy -
] H [
60— 2y —
] z E
o
_— = —
- < -
— N =
- X
o™
= 3 -
3 - -
; :
80— [
- [
= -
-] ==
3 n
303 -
o s
- -
- -
— =
00 3 s
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Structural Excavation
Pre~Shear Testing
Chief Joseph Dam Additional Units
Contract DACW67-75-C-0077

This report is being prepared per request of Office Chief of Engineers
and the Seattle District Office, F & M Branch. This report will also
be included as part of the foundation report to be prepared at a later
date, This report covers the pre-shear testing for excavation of the
penstock slots and powerhouse addition excavation.

With the excavation in close proximity to an éperating powerhouse and
directly beneath an intake structure with 75-feet of reservoir, strin-
gent blasting requirements were imposed in the contract.

The first requirement prior to any production pre-shearing was the
establishing of blasting criteria, hole spacing, loading, which
included spacing of explosives and weight of charges, and particle
velocity in both adjacent rock and concrete.

The specifications limited the contractor to 2-~inch nominal diameter
blast holes, line holes or cushion blast holes. At the option of the
contractor, the diameter of the perimeter or pre-shear holes drilled
along the final design slopes could be increased up to 2 3/4-inches
in diameter provided the velocity of the explosive charge was the
same or higher and the size of the explosive charge was not greater
than that used in the 2-inch diameter holes.

Eight-foot maximum production lifts were established in critical areas.
Critical areas were those in which pre-shearing was to be accomplished
to produce neat line and final grades. Maximum 1ift thickness for non-
critical areas was 12-feet. Pre-shearing was accomplished with 24-foot
deep holes.

Particle velocities were established allowing the maximum particle
velocity at 20-feet to be 2-inches/second in rock and 4-~inches/second
in adjacent concrete.

To allow the contractor maximum flexibility under the contract, specific
bid items were established. 1In both production and pre-shearing in
critical areas the contractor was paid by the lineal foot of drill hole
for rock excavation. In non-critical areas rock excavation was paid

for by the cubic yard. Production holes were required to be loaded where-
as pre-shear holes, either vertical or on a 45° slope, would be paid

for loaded or unloaded.

Rock in the excavation area is predominately a granodiorite. It is
moderately hard to hard. Joint spacing varies from less than 1" to
6-feet with an average of 1-2-feet. Some minor intrusions are scat-
tered throughout the excavation with variations of the granodiorite
ranging from a schistose to gneissic structure.




The major joint sets are striking north 40-45° west and dipping 60-70°
to the east and north 35-40° east and dipping 65-70% to the east.

This report basically covers the first portion of the blasting require-
ments which was the pre-shear testing. The objective of the pre-shear
testing was to obtain relatively smooth undamaged backslopes and to
eliminate any possible structural damage to the adjacent structures
through excessive particle velocities.

At the time test blasting was required there was not a suitable area

for experimentation outside the critical penstock slots. Testing, there-
fore, was conducted in the penstock slots of Units 24, 25, and 27. To
minimize damaging the final backslopes of the future 35-foot wide pen=-
stock slots, the center portions were used.

Dimensions were 18-feet long by 18-19-feet wide. Due to the close-
moderate jointing of the rock 12 and 18-inch hole spacing was selected
although 9-inch hole spacing was used in one case. Upon completion of
testing the remaining portion of the penstock slot was shot to final
design slope using the optimum spacing and loading found in the testing.

The following is a description of each shot and the results. For
specific details of each shot, see the attached blasting report and
tabulation.

Pre-shear Test Shots Nos. 1 and 2

The first two tests were conducted in Penstock Slot 25. Due to the
structure of the rock, to better compare results and to expedite the
testing program, comparable leadings and hole spacings were used in
the same slot but reversed between Shots 1 and 2, Pre-shear holes
were shot simultaneously. Production holes were shot 150 milliseconds
after the pre-shear holes.

Upon removal of the production shot, there was very little difference
between the backslope as produced by the 12 and 18-inch center holes,
Some pre-shear hole casts were visible; complete drill holes were left
in the more massive rock. Some overbreak did occur, 6-9-inches, be-
tween the 18-inch spacing but no more than could be found between the
12-inch spaced holes, This indicated that the difference in hole spac~-
ing in either shot had little effect on the backslope, Overbreak of
1-3-feet did occur at the top of the slope and was attributed to pre-
vious excavation, the single explosive charges at the bottom of each
hole or the confinement of the charge at a shallow depth with full stem-
ming.

Pre-shear Shot No. 3

Penstock Slot 24 was drilled with pre-shear holes spaced at 18-inches

on the right side and 12-inches on the left. Feeling that the pro-
duction shot was to close in time to the pre-shear and may have inhibited
the development of the maximum pre-shear plane in Shots 1 and 2, pre-
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shearing in Shot No. 3 was accomplished without a production shot.

Hole depths were increased to 24-feet as it was felt that the shallow-
ness of the holes in Shots 1 and 2 may have contributed to some of

the overbreak and that 24-foot deep holes would approximate that

used in actual production pre-shearing. As seismic vibration had been
exceeded in Shots 1 and 2, 9 millisecond delays were used between
every third loaded hole. On the side with 18-inch hole spacing every
hole was loaded and the same delay pattern as the 12-inch hole spacing.

Upon excavation, it was evident that the 18-inch pre-shear backslope
was much better developed than the 12-inch pre-shear backslope. Over-
break between holes and at the top of the slope were reduced over Test
Shots Nos. 1 and 2. Approximately 85% of the 18-inch pre-shear holes
were in evidence throughout the section. The 12-inch pre-shear wall
was irregular due to the intermediate hole being unloaded and the shear
plane did not in all cases pass through the unloaded hole. Breakage
occured both in front and behind the drill hole, Failure of the shear
plane to break through the unloaded hole was due to hole spacing and
not the structure of the rock. About 807 of the loaded holes were
left as casts.

Pre-shear Test Shot No. 4

Penstock Slot 24 was used for Test Shot No. 4. Hole spacing was re-
versed from Test Shot No, 3. All holes were loaded. String charges
of 707% Gelex No. 2 were taped to detonating cord. Again, to reduce
seismic vibration, 9 millisecond delays were used between every third
hole, Charges were staggered in adjacent holes. Stemming was used
in the top 4-feet of the hole.

After excavation little difference was noted between the 12 and 18-inch
pre-shear walls. Between 80-85% of the holes were in evidence. Breakage
between holes was good, with minimal overbreak occuring. Overbreak at
the top of the backslope was 1-2-feet behind the pre-shear line.

Pre-shear Test Shot No. 6

In Penstock Slot 25 all pre-shear holes were shot instantaneously with
150 millisecond delay between the pre-shear and production. This
method was necessary as it would have been difficult to have drilled
the production shot area at a later date. The backslope was well de-
veloped with minimal overbreak. Approximately 85-90% of the pre-shear
holes were _left as casts._ Loading of pre-shear holes was reduced from
.15 1bs/ft2 to .06 1bs/ft2, Stemming was reduced to 2-feet in pre-
shear holes to allow more venting and reduce overbreak at the top of
the backslope. Pre-shearing was as well developed in Shot No. 6 as
that in Shot Nos. 1, 2, 3, and 4 for 18-inch hole spacing.




Pre-shear Test Shot No. 7

The remainder of Penstock Slot 24 was shot in Shot No. 7. Shot No. 7
was loaded identically to that of Shot No. 6, the difference being a

5 millisecond delay placed between each fifth hole. Shot No. 7 was
delayed in this manner to compare pre-sheared backslopes developed by
firing instantaneously, as against backslopes developed by delaying
between holes., In examining the backslcpe of Shot No. 7 and comparing
it to other 18-inch backwalls, there appears to be very little differ-
ence.

Pre-shear Test Shot No. 8

To evaluate the possibility of eliminating overbreak at the top of
the backslope, Penstock Slot 27 was drilled with alternating 12-foot
and 24-foot deep holes on 9-inch centers with the 24-foot deep holes
loaded. Powder factors were reduced from .06 1bs/ft? to .04 1bs/ft2,
anticipating that the unloaded holes would provide additional relief.
Unloaded holes were not stemmed. With the completion of excavatiom,
it could be seen that either the charge per hole was to light, or the
unloaded holes did not provide the relief expected. The pre-shear
plane broke in front of and behind the anticipated neat line and only
occasionally broke through the relief hole. The general condition

of the backslope was quite irregular and the overbreak at the top

of the backslope was not eliminated.

Test Shot No. 8 concluded the testing program. The following con-
clusions were used as criteria to establish basic pre-shear blasting:

1. 1In all test shots, 18-inch hole spacing developed backslopes
as well as 12-inch pre-shear backslopes. With economics of drilling
involved, 18~inch hole spacing was selected.

2. Stemming of pre-shear holes was minimized. Stemming depths
varied from a maximum of 9-feet to 2-feet in testing with 4-feet to
0 used during actual production pre-shearing. Due to the closely-to-
moderately jointed rock, it was felt that gases were causing some of
the overbreak, not only in the backslope, but at the top of the slope.
All pre-shear shots were henceforth allowed to vent.

3. Explosive charges per square foot were varied from .03 1b to
.15 1b, Optimum was felt to range between .07 of a 1b to .12 1b per
square foot. As production pre-shearing progressed, explosive charges
were reduced to .07 1b per square foot.

4. Pre-shear was shot separately and well in advance of any pro-

duction shot. A delay sequence was not used as pre-shear was accom-
plished 2-3 days prior to production blasting.
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5. The question arose in regard to benefits from firing simul-
taneously or with some delay sequence between holes. It was shown
in test shots where little relief for pre-shear was available, par-
ticle velocities exceeded the specification requirements of 2-inches
per second at 20 feet. Delay sequences did attenuate the particle
velocity, but again not below specification requirements. A majority
of readings fell in the range of 4-5-inches per second. In production
pre-shearing, delays were held to 5 millisecond delays to minimize
time lapse. Pre-sheared backslopes created by delayed shots show
little difference than those of simultaneously fired backslopes.

In conclusion, the pre-shear backslopes are well developed. Some
overbreak did occur, not only in the backslope but at the top of

the slope. This overbreak was attributed mainly to the structure of
the rock, both in joint spacing and attitude at which the joints in-
tersected the pre-shear wall.




POWDER DESCRIPTION

Dupont Tovex 200

Weight per stick 1%" x 12" = ,58 1bs.
13" a 12" = .85 1bs.

Dupont Trimtex
Weight per stick 7/8" x 24" = .5 1bs.

Dupont Gelex 2 -~ 70% attached to 25 grain detonating cord

Weight per stick 1" x 8" = .33 1bs.,
Spacing 36" centers

Initiation of a firing sequence was accomplished by safety fuse and
cap with the safety fuse having a burning rate of 120 seconds per yard.

Detonating cord Ensign & Bickford 200 grain primacord & 25 grain
E cord for down lines

Delay sequences were established with both MS delay caps & MS connectors,

Stemming - Clean, minus No. 4 concrete sand.
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6.2 Objectives: Primary objective is to remove rock materials
in a manner that will leave rock outside of the excava.ion limits
undisturbed and conforming as nearly as'possible to lines and
grades shown on the drawings, or as directed. Breakage of rock,
ease of handling and conservation of effort are recognized as
objectives, but shall be considered as secondary to the objectives
stated above. It is the responsibility of the Contractor to con-
duct his operations so that the stated objectives are achieved.

6.3 Method of Excavation: Rock.excavation shall be accom-
plished by systematic drilling and blasting within the limitations
specified herein, except that rock excavation within existing
powerhouse skeleton bays 17 through 20 shall be accomplished by
methods other than blasting and in a manner as approved by the Con-
tracting Officer., Contractor shall employ 2-inch nominal diameter
holes, for blast holes, line holes and presplit or cushion blast
holes. At the option of the Contractor, the diameter of the perim-
eter holes drilled along final design slopes in areas 1 and 2
may be increased up to 2-3/4-inch diameter maximum provided the
velocity of explosives is the same or higher than that used for
2-inch holes and the size of the explosive charge is no greater
than that used for the 2-iach holes. Payment for the larger size
holes shall be at the unit price of the 2-inch diameter holes.
Deviation in hole alinement shall not exceed one~quarter of the
distance of the hole spacing or 6 inches, whichever is greater.
Blasting shall be to existing or "V'-cut blasted free
faces, Existing free faces shall be progressively modified to
face easterly or westerly. "V'-cut blasted faces shall face
east and west at right angles to the Intake Structure and shall
be initially created by blast holes not steeper than 45 degrees
(See sketch attached at end of this Section). With the approval
of the Contracting Officer, other blast patterns may be used in
excavating the penstock slots. Such proposed patterns shall
have been demonstrated to be patterns of least damage to rock
slopes in noncritical areas prior to their use in the penstock
slots. Contractor shall employ controlled blasting techniques
such as but not limited to, line drilling, cushion blasting and
presplitting to control damage to the final cut faces. Prior to
excavation of the final face, Contractor shall conduct such con-
trolled experimental blasts in areas to be excavated away from
the face to acertain the optimum method of controlling rock
damage. Contracting Officer will monitor all blasting operations
to preclude damage to final rock faces and structures. Contracting
Officer will use vibration monitoring, photo comparisons, instru-
mental structural alinement observations, deformeters and water
inflow data in rock slopes to control the blasting and prevent
progressive damage. Because damage to the Intake Structure and
underlying rock is the ' mulative sum of damage caused by this and
earlier contracts, plus stress changes Snduced by structural addi-
tions and pool rise, each blast must be accomplished without any
recordable damage to the adjacent concrete structures, the
foundation rock supporting the structures or to final design
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slopes. Rock farther than 10 feet from any final design slope
shall be blasted in 1ifts that do not exceed 12 feet using
vertical or near vertical blast holes (rock in rock excava-
tion areas 1 and 2). Rock within 10 feet horizontally of any
final design cut slope (areas 2 and 3) shall be blasted in
1lifts 8 feet deep. Blast holes in area 3 shall be inclined.
45 degrees and paralles to the design slope. These 8-foot lifts
shall not be blasted until the adjacent area 2 1ift has been
blasted and excavated. Area 2 blast holes along the final
excavation line shall penetrate to the final design grade in
area 3 but shall not be loaded in area 3 except as may be per~
mitted by the Contracting Officer. Inflow test holes of

3 inches diameter shall be drilled from the top of each 8-foot
lift, as shown,
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before blasting adjacent rock. Gravity water inflow tests shall

be made before and after blasting as directed by the Contracting
Officer. Test consists of filling the hole with water and recording
the rate at which the water level drops.

6.3.1 All rock excavation in each penstock area shall be completed
to final grade and peripheral rock bolting completed prior to con-
struction of concrete pier for service deck or any temporary piers
on adjacent rock surfaces.

6.4 Blasting:

6.4.1 General: All blasting operations shall be performed in
accordance with the applicable provisions of Corps of Engineers
Manual EM 385-1-1, titled "GENERAL SAFETY REQUIREMENTS," as
amended except that firing of blasts electrically will not be
permitted. If one of the ammonium nitrate compound type of explo-
sives is used, storage and procedures for use shall conform to the
requirements set forth in the Bureau of Mines information Circular
8179, SAFETY RECOMMENDATIONS FOR SENSITIZED AMMONIUM NITRATE
BLASTING AGENTS. Blasting shall be used only as necessary to
loosen rock. Explosives shall not be used as a means to reduce
size of material or as a means of transporting material. The
Contractor shall submit his drilling and blasting plans to the
Contracting Officer for approval at least three (3) working days
prior to initiation of drilling operations in the applicable area.
Plans shall show hole positions, angles and depths, type and
quantity of explosives to be used and firing sequence, all relative
to existing stations and grades. No drilling or blasting will be
permitted without the Contracting Officer's approval. The work
shall be conducted in such a manner that rock outside excavation
limits and concrete structures will be undisturbed and the shape
of the excavation will conform as nearly as possible to lines
and grades shown on the drawings or as directed. No blasting
shall be done within 100 feet of concrete which has been in
place less than 7 days. If, in the opinion of the Contracting
Officer, the size of any proposed shot outside the 100-foot
area will disturb fresh concrete, the size of such shot shall
be reduced. When oncrete is older than 7 days, shots within
100 feet of the concrete shall be reduced as necessary so as
not to damage the concrete structure. Mats or other approved
means shall be employed as necessary to control flying rock and
pi. ant damage to structures or equipment. Whenever, in the
opinion of the Contracting Officer, further blasting, the
method of blasting, or size of a proposed shot may damage the
permanent rock face, rock bolts and drain holes; the existing
concrete; or the rock upon or against which concrete is to be
placed, the method or size of shot shall be modified to his
satisfaction or the use of explosives shall be discontinued
and the excavation shall be completed by wedging, barring,
channeling, and broaching or other suitable means.

6.4.2 Vibration Limitations: Proximity of rock excavation to
the intake structure and the necessity to maintain the structural
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integrity of the rock slope requires that limitations be placed
on Contractor's blasting operations so that damaging ground
vibrations will not be generated, At no time will blasting be
permitted which creates a vectorial sum of peak particle velocity
greater than 4 inches per second as measured on any of the
adjacent concrete structures o. appurtenances or 2 inches per
second on all final design rock faces at a distance of 20 feet
from the blast. Blasts shall be relatively small with respect
_ to pounds of explosives per delay and each delay shall

be separated by a minimum interval of 10 milliseconds. The
Contracting Officer will instrumentally monitor any and all
blasts to determine the Contractor's compliance with peak part-
icle velocity limitations as specified and will promptly advise
the Contractor regarding required changes in his procedures.

6.4.3 Coordination: Contractor shall notify Contracting
Officer at least 2 hours in advance of each intended blast and
shall be responsible for coordination of detonation with the
monitoring station. Contractor shall maintain constant
telephone or other approved communication with personnel
manning the monitoring station during the final 5 minutes
prior to detonation to assure adequate monitoring. The blasting
shall not interfere with work of other Contractors or Govern-
ment operations.

6.5 Wire mesh protective screen shall be installed on excavated
rock faces 60 degrees or steeper vertical where the faces are 10
feet high or greater to protect personnel against possible falling
of loose or spalled rock until concrete is placed.

6.5.1 Wire mesh shall be chain link fabric conforming to Federal
Specifications RR-F-191G and RR-F-191/1A, Type I or 1I, 2-inch
mesh, 9 gage wire, knuckled selvage with 1.2 ounce coating for
type I and 0.40 ounce coating for type II.

6.5.2 Installatior: Wire mesh shall be anchored at top edge
with anchor bars as shown. Wire mesh shall extend to within
2 feet of bottom of rock faces at all times until the rock is
covered with concrete. Mesh may be removed as concrete is
placed or may be left in place. All wire mesh exposed to view
after all concrete is placed shall be removed and will become
property of the Contractor and shall be removed from the project
site.

6.5.3 Payment: No separate payment will be for wire mesh and
all costs for furnishing installing and removal shall be included
in and considered incidental to rock excavation.

7. DENTAL EXCAVATION: Unsatisfactory material shall be
removed and disposed of as specified here-in-before in Paragraph
Excavation, Dental. The holes or cavities in the rock resulting
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